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SCIENCE STUDIES HELP FORM 


World Book Encyclopedia 
Helps Form a Science Program 


With so much interest and attention today centered on 
science studies, World Book Encyclopedia can be an in- 
valuable help to you in planning meaningful science ex- 
periences for boys and girls. World Book will add to your 
own background and give you material for preparing 
interesting, accurate presentations that will be long- 
remembered by your students. Over 22,000 illustrations 
with more than 5,000 in color help make material more 
clearly understood. 

“Atomic Energy” or “Aerodynamics,” “Space Travel” 


or “Sound”— whatever the subject, you will find it easier 


to present to your class with the help of the modern, up- 
to-date World Book Encyclopedia. 


Field Enterprises Educational Corporation 
Merchandise Mart Plaza, Chicago 54, Illinois 
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World Book Enyclopedia 

Dept. 40L, Box 3565, Chicago 54, Illinois S-1906 
Please send me your science booklet for teachers, ‘‘With World Book, 
Science Is Method.” 


Name 
Address County 
City Zone 


School 








Cornell University 
at 


Ithaca, New York 


Stanford University 
at 


Stanford, California 


PRESENT 


During the Summer of 1961 
SHELL MERIT FELLOWSHIPS 


e Fellowships at Cornell University and at Stanford Uni- 


versity 


e Elite groups with high professional spirit 


e Board and lodging plus all expenses of fees, tuition, books 
and instructional materials plus a $500 stipend and up to 


$150 for round trip travel 


e Available to teachers of high school chemistry, mathe- 
matics, and physics. Also to supervisors and heads of 
departments. United States and Canada. 


e¢ Closing date for applications, 


January 2, 1961. 


Announcement of selections before January 31, 1961. 


Objective: 


Develop outstanding teachers and leaders 
for the improvement of science and mathe- 
matics teaching in secondary schools. 


Program: 


Small seminar-like courses in the subject 
field—special lectures—discussions—visits to 
research laboratories—informal interviews— 
projects. 


Time and materials to develop your dream 
ideas into practical form and to prepare what 
other creative teachers suggest. 


Interchange of teaching experiences sparked 
by challenges from national leaders who are 
invited to present new ideas as well as the best 
of older ideas. 


Courses devoted to teaching problems. 


Who Are Eligible? 


Teachers at least in their fifth year of high 
school chemistry, mathematics or physics 
teaching who are leaders or potential leaders 
and who are well prepared in their subject 


field. 

Heads of departments and supervisors of 
science or mathematics who are well prepared 
in chemistry, mathematics or physics and who 
formerly were teachers in at least one of these 


fields. 


For Further Information and 
For Application Forms :— 
If teaching east of the Mississippi write to 


Dr. Philip G. Johnson, 3 Stone Hall, Cornell 
University, Ithaca, New York. 


If teaching west of the Mississippi write to 
Dr. Paul DeH Hurd, School of Education, 


Stanford University, Stanford, California. 


Supported for the sixth year by 


THE SHELL COMPANIES FOUNDATION, INCORPORATED, AND 
THE SHELL OF. COMPANY OF CANADA, LIMITED 
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The reorganization last year of our multi- 
tudinous projects and committee efforts into 
three large groupings, each under a Standing 
Committee to coordinate, stimulate, and re- 
port NSTA activities to members, was a 
major step forward in improved administra- 
tion. This major step demonstrates that the 
Association has reached a level of profes- 
sional maturity and development which is 
bringing us increased recognition and re- 
spect. This professional maturity is reflected 
in the high quality of professional services 
such as the annual convention, our maga- 
zine, and published reports of research, 
special studies, and conferences. 

At the Los Angeles meeting of the Board 
this past June, two other actions were taken 
which will advance professional develop- 
ment for NSTA in the near future. One 
action was to establish a Finance Committee 
for the Association, and the other consisted 
of assigning to the Policies Committee broad 
responsibilities for guiding NSTA. 

We can, perhaps, feel justifiably proud of 
the growth in our annual budget from some- 
what less than $15,000 in 1944 to $560,000 
in 1960. During this time, however, we have 
lived on a year-by-year basis with little 
opportunity to plan or budget ahead. We 
received financial aid from the NEA in the 
form of interest-free loans which totaled 
$23,000, and this helped the Association 
considerably in launching and establishing 
its program. During the past two years, our 
debt to NEA has been completely elimi- 
nated, thanks to some 3000 members of 
NSTA who contributed approximately 
$10,000 toward its retirement. And so it 
seemed to the Board that the stage was now 
set for NSTA to develop plans for solid, 
long-range financing. This is particularly im- 
portant for an Association which derives 
less than 30 per cent of its total income 
from memberships and subscriptions. The 
new Finance Committee is being asked to 
design criteria and procedures for (1) the 
development of a reserve fund, (2) the ac- 
ceptance of business-industry support of 
NSTA activities, and (3) the presentation of 
the Association program to all prospective 
contributors and supporters. The committee 
is comprised of NSTA’s Finance Officer 
_(formerly called the Treasurer) and four 
members appointed to four-year terms on a 
rotating basis. Serving for 1960-61 are J. 
Donald Henderson, University of North 
Dakota, Grand Forks; Past-President Philip 
G. Johnson, Cornell University, Ithaca, New 
York; Past-President Nathan A. Neal, 
McGraw-Hill Book Company, Inc., New 
York; Allison J. McNay, Standard Oil Com- 
pany (California), San Francisco, Califor- 
nia; and Virgil H. Heniser, Thomas Carr 
Howe High School, Indianapolis, Indiana. 

The Association has had a Policies Com- 
mittee for about ten years. The ten-point 
policy statement on which NSTA operates 
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was developed by this committee and 
adopted by the Board of Directors in 1952. 
Another major accomplishment of this com- 
mittee was a review of the minutes of all 
meetings of NSTA Boards of Directors and 
Executive Committees from 1944 through 
1957 and the preparation of a collation of 
all actions which had the force of establish- 
ing policies for the Association. The com- 
mittee has since kept this listing up to date 
through annual revisions. Now, however, 
this task is to be assigned to the Recording 
Secretary, and the Policies Committee is 
being asked to look ahead to where we 
should be going rather than backward to 
where we have been. A continuing scrutiny 
of NSTA goals and purposes, plus an evalu- 
ation of current projects and activities in 
relation to these, are part of the consider- 
ations which the committee will deliberate. 
It will be this committee’s function to study 
and recommend to the Board new endeavors 
which will promote accomplishment of the 
basic purposes for which NSTA exists. More 
specifically, the committee has been asked 
to think about these questions: What should 
NSTA be doing ten years from now? What 
record of achievements and influence should 
the Association possess by 1965? How can 
NSTA function so that without it, there 
would be a serious gap in our area of the 
educational profession? 

Members of this committee for 1960-61 
are Milton O. Pella, University of Wiscon- 
sin, Madison, Chairman; Donald G. Decker, 
Colorado State College, Greeley; Archie L. 
Lacey, Hunter College, New York City; 
John H. Marean, Reno High School, Reno, 
Nevada; Herbert A. Smith, University of 
Kansas, Lawrence; and J. Hervey Shutts, 
Minneapolis Public Schools, Minneapolis, 
Minnesota. 

I have chosen to tell you about these two 
committees this month because their work 
will be far less visible to members of NSTA 
than, say, the journal or a convention. But 
it seems to me that in setting ourselves to 
the task of taking a hard look ahead, both 
in terms of program and of finance, we are 
taking another big step forward in the pro- 
fessionalization of our Association. I am 
sure that members of these committees will 
want and will welcome inquiries, sugges- 
tions, and general comments from all inter- 
ested members of NSTA. 


KtetH. Ohh 


New Membership 
Directory 


The 1960 Membership Directory, listing 
the names and addresses of all NSTA indi- 
vidual members as of August 1, 1960, is now 
available. The regular price is $4. NSTA 
members, however, may purchase the direc- 
tory for $1. Free distribution of the directory 
has been made to life and sustaining mem- 
bers, committee chairmen, officers and di- 
rectors of the organization, and state mem- 
bership chairmen. This is the first publication 
of a directory since 1957. The officers and 
staff of the NSTA welcome your comments 
and suggestions. 
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Cosmogony-Evolution: 
A Thematic Approach 


During a National Science Foundation 
Institute at the University of Oklahoma, 
I took a course developed by Dr. Carlton 
W. Berenda, physicist and chairman of 
the Philosophy Department. The course 
is an approach to general science on the 
theme of cosmogony-evolution. 

Based on the experience with our 
students, it is my opinion that this unified 
approach to general science is superior 
to others now taught. My school is will- 
ing to mail the dozen-page course of 
study to any interested teacher who 
wishes to explore it. Just write me at the 
address below. 

In the cosmogony-evolution method, 
one central problem guides the classroom 
activities throughout the year. In at- 
tempting to answer such questions as 
“How did it all begin?” and “What is the 
scientific history of the world?” the 
students are shown how the different 
areas of science cooperate to solve some 
perplexing and fascinating problem. Dur- 
ing the year the students inquire first in- 
to the size, age, and structure of our 
universe by a study of astronomy and 
the related disciplines of optics, physics, 
and mathematics. Then, through a study 
of nuclear physics and chemistry, the 
students investigate the nature and origin 
of the elements from primitive energy- 
matter and from hydrogen and helium 
in the hot interiors of stars. Through a 
study of geology the students learn the 
nature, origin, and history of our planet. 
Through a study of biochemistry the 
students explore the origin of life in the 
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early atmosphere. Finally, by way of 
biology and paleontology the students in- 
vestigate the nature of living things and 
the evolution of the plant and animal 
kingdoms during the last billion years. 

One handicap which we faced was the 
shortage of written material on these 
subjects appropriate for the secondary 
school level. Though considerable ma- 
terial has been written on the various 
topics, some of which is within the grasp 
of the students, it is scattered over such 
a wide range of books and periodicals 
that it is difficult to provide each student 
with immediately accessible literature. 
This year we have issued to each student 
six paper-bound books and some mime- 
ographed material. There is a need for a 
single book which would not only trace 
the cosmogony-evolution theme, but 
would also serve as an introduction to 
more technical writings. 

Our approach is to start each unit of 
study with an investigation of a portion 
of the world about us. We perform ex- 
periments and demonstrations, observe 
filmstrips and movies, read and think. 
Only at the end of each unit are we in a 
position to understand the hypotheses 
that are tentatively offered by scientists 
about the early history of our world. Dur- 
ing the school year the pieces fall into 
place, and by the end of the term the 
students have a connected picture (or 
“theory” or “vision”) of the scientific 
history of the world. 

There are still some rough edges in 
the cosmogony-evolution theme to be 
smoothed out, but perhaps within the 
foreseeable future it will be possible to 
offer to science teachers more _ infor- 
mation about this new and fascinating 
method of teaching advanced courses in 
general science. I will be glad to exchange 
views with anyone who wishes to examine 
the course. 


MiTCHELL MODISETT 
The Junior-Senior High School 
Mahwah, New Jersey 


THIS MONTH’S COVER... 


A plasma arc fired with argon has been photo- 
graphed as the plasma issues from a 30-kw prototype 
engine designed for space propulsion (Avco Research 
and Advanced Development Division, Wilmington, 
Massachusetts). 

The science which is concerned with the dynamics 
of plasmas and conducting liquids in an electro- 
field is called magnetohydrodynamics 
(MHD). Important results have been achieved in the 
application of principles of MHD. 

The plasma state as interpreted in the lead article 
may be considered as the fourth state of matter. 


NEA NOTES 


EDITOR’S NOTE: From time to time, we 
will report events and data of interest from 
the other NEA units in this column. Ad- 
ditional information on the items reported 
may be obtained by writing the individual 
groups. 


NEA Instructional Program 


The NEA has recently embarked upon a 
two-year project seeking to define and state 
the views of the organized profession on the 
nature of a program of elementary and 
secondary education which will be adequate 
to meet the needs of the years ahead. Ole 
Sand, professor of education on leave from 
Wayne State University, Detroit, Michigan, 
is director of the project, and Richard I. 
Miller of the NEA staff is assistant director. 

Specifically, the project hopes to develop 
guidelines of assistance to local schools in 
deciding on their future instructional pro- 
gram. Special studies on social forces and 
trends, the present status of public educa- 
tion, and the issues in curriculum develop- 
ment will be examined. 

The NEA Project on the Instructional 
Program of the Public Schools is an out- 
growth of discussions by membezs of the 
NEA Council on Instruction, an informal 
body of thirty NEA units concerned with 
instruction improvement at all levels. 


Catalog of Publications 


Over 1000 educational publications— 
books, pamphlets, periodicals, proceedings, 
research reports, audio-visual materials— 
now may be found in one listing. The NEA 
Catalog of Publications was published in the 
September issue of the NEA Journal. A 
limited number of copies are available from 
the Publications Division, NEA. The Sep- 
tember 1960 Catalog contains materials 
from nearly fifty specialized committees, 
commissions, and departments of the NEA. 
It is indexed by unit and by special subject 
listings. Each publication is identified by a 
permanent stock number to facilitate order- 
ing. Special order blanks are also provided. 
This catalog will be of interest not only to 
teachers, supervisors, administrators, and 
school board members, but also to parents, 
students, and all others concerned with 
education. 


Hilda Maehling Fellowship 


The Department of Classroom Teachers 
will name the first Hilda Maehling Fellow 
during the 1961 NEA Convention. Applica- 
tions for fellowship are due by December 1. 
The Fellowship program was established in 
1959 to pay tribute to Hilda Maehling, first 
exectitive secretary of the Department of 
Classroom Teachers and first assistant execu- 
tive secretary for professional development 
and welfare of the NEA. Applications and 
information may be obtained from the Hilda 
Maehling Fellowship Committee, NEA De- 
partment of Classroom Teachers, 1201 Six- 
teenth St., N.W., Washington 6, D.C. 





ECENT developments in physical 
sciences and technology have 
brought about a great need for re- 
search and other operations at ex- 
tremely high temperatures. In order to 
fill this need, methods have to be 
found for the generation of high tem- 
peratures and the high-temperature 
properties of matter have to be investi- 
gated. 

The interest in highly refractory 
solids has given rise to experiments at 
temperatures between 2000° and 4000° 
C. New heating devices and new meas- 
uring techniques, based mainly on ther- 
mal radiation, are being developed for 
this purpose. 

As the temperature range increases, 
so do the difficulties of operation. 
Above 4000° C entirely new funda- 
mental considerations are required be- 
fore experiments can be planned and 
carried out. In this temperature range, 
every substance known today is in a 
gaseous state at one atmosphere pres- 
sure. Since gases are mostly transparent 
to thermal radiation in that temperature 
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range, other principles have to be 
found and applied to the problems of 
heating them to and making observa- 
tions on, them at extremely high tem- 
peratures. In order to find the most 
suitable principles, some of the funda- 
mental properties of gases at high tem- 
peratures have to be considered. 


The Behavior of Gases 
at High Temperatures 


The particles of a gas are constantly 
in a state of translational motion above 
absolute zero. The average velocity C 
of the particles is given by the equa- 


tion: 
2RT 
cm 27 


where R is the universal gas constant, 
T the absolute temperature, and M the 
molecular weight. It is important to 
note that the velocity increases at a 
slower rate than the temperature. 

The translational motion results in 
collisions between the particles. At 
moderate temperatures, the collisions 


are essentially elastic, i.e., no loss in 
total kinetic energy occurs. As the tem- 
perature increases, the particles “soften 
up” and some collisions become inelas- 
tic. A portion of the translational en- 
ergy is taken up by the particles in the 
form of internal (rotational, vibra- 
tional, electronic) energy. 

The changes occurring in diatomic 
gases as a result of increasing tempera- 
tures are summarized in Table I, using 
nitrogen as an example. At 2000° C 
the translational energy has increased 
considerably, but the collisions are still 
completely elastic. At 7000° C the 
translational energy is further in- 
creased, but because of the violent mo- 
tion, the gas molecules begin to dis- 
sociate. (Thermal dissociation.) Ap- 
proximately one-third of the molecules 
are dissociated into nitrogen atoms at 
that temperature. Some of the valence 
electrons are in an excited state and, 
as a consequence, emit radiation by re- 
turning to their original state; the gas is 
therefore luminous. About one per cent 
of the outer electrons are separated 
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from the atoms, and accordingly there 
are some nitrogen ions present. The 
concentration of the free electrons, 
however, is not high enough to make 
the gas a good electrical conductor. At 
12,000° C the thermal dissociation is 
essentially complete; there are virtually 
no molecules present. Many of the 
outer electrons are in an excited state, 
and the gas is very luminous. About 
15 per cent of the electrons are freed 
from the atom, making the gas a very 
weak conductor of electricity. The con- 
centration of nitrogen ions is increased. 
At 20,000° C the degree of ionization 
is 30 per cent, and in addition to the 
singly charged nitrogen ions, there are 
already some doubly charged ions. The 
electrical conductivity is high. The de- 
gree of ionization at 30,000° C is 60 
per cent. Thus half of the nitrogen ions 
are doubly ionized, and due to the high 
concentration of free electrons, the 
electrical conductivity of the gas is ex- 
tremely high. 

When the temperature increases to a 
hundred million degrees, the atoms 
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break completely apart. There are 
none of the above ions present, only 
free electrons and nuclei stripped of 
electrons. The electrical : conductivity 
of the gas is comparable to that of 
copper at ambient temperature. 


The Magnetohydrodynamic 
Principles 


The ionized gas is called a plasma. 
The plasma consists of free electrons 
and ions in charge equilibrium. It is 
electrically neutral, but it conducts 
electricity. This electromagnetic prop- 
erty is the most important difference 
between plasmas and ordinary gases. 
The science which is concerned with 
the dynamics of plasmas and conduct- 
ing liquids in an electromagnetic field 
is called magnetohydrodynamics. The 
plasma can be considered the fourth 
state of matter, following the solids, liq- 


uids, and gases. It is interesting to note 
that Aristotle defined four states of 
matter: earth, water, air, and fire. It is 
very tempting to equate earth with 
solids, water with liquids, air with 
gases, and fire with plasmas. 

The application of the principles of 
magnetohydrodynamics to several 
problems already has yielded some im- 
portant results in the fields of funda- 
mental science and technology. 


The Origin of Solar Systems 


A very interesting application of 
magnetohydrodynamics is in a new 
theory on the origin of the solar sys- 
tem. The presently accepted theory, 
based on ordinary hydrodynamics, pro- 
poses that the planets of the Sun con- 
densed out of gases which moved 
under the action of gravitation and 
other purely mechanical forces. This 
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PHOTOS BY AVCO RESEARCH AND ADVANCED DEVELOPMENT DIVISION, WILMINGTON, MASS 


FIGURE 1. 


theory fails to explain, among other 
things, the regularity of the solar sys- 
tems, the number and size of planets, 
their distances from the Sun, etc. 
Most recently a new theory has been 
proposed by H. Alfven, based on 
magnetohydrodynamics. According to 
this theory, the magnetic field in in- 
terstellar space is strong enough to 
require application of magnetohydro- 
dynamics in the theory of stellar eval- 
uation. The Sun is considered to have 
condensed from plasma and some of 
the magnetized gas cloud to have been 
left over at great distances from it. 
Since the Sun possessed a strong mag- 
netic field, the completely ionized gas 
(plasma) could not fall freely toward 
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Small plasma generator spraying alumina on an aluminum block. 


the Sun under the influence of gravity. 

As the plasma began to cool, the 
atoms with the highest ionization po- 
tential were the first to become de- 
ionized. These atoms began to fall 
toward the Sun under the influence of 
gravity, whereas the still ionized part 
of the gas cloud was kept away. The 
falling de-ionized gas collided with the 
ionized gas layer which always sur- 
rounds the Sun. The kinetic energy of 
the falling gas was high enough to 
make the collisions inelastic. As a con- 
sequence, the kinetic energy of the fall- 
ing gas was absorbed and the gas be- 
came ionized. In this plasma state, the 
gas was stopped in its fall by the elec- 
tromagnetic field of the Sun. The dis- 


tance at which the plasma stopped, was 
then determined by its kinetic energy 
which in turn might be defined by the 
distance it had fallen from its original 
position. 

The still ionized part of the original 
plasma cooled further, and as a conse- 
quence, a second group of atoms with 
a lower ionization potential became de- 
ionized, started to fall towards the Sun, 
etc. This process was repeated until the 
Sun became covered with several 
layers of plasma. 

The plasma layers rotated around 
the rotating Sun because of electro- 
magnetic interaction. As the plasma 
cloud cooled, some of the elements 
condensed into dust particles. These 
solid particles orbited around the Sun 
and in time aggregated. forming the 
planets. The formation of the planetary 
satellites can be explained by a similar 
process, substituting the planet for the 
Sun. 

This very recent theory, although 
not yet generally accepted, appears to 
explain satisfactorily the formation of 
the solar system. Further, the theory 
makes it appear likely that other stars, 
which are similar in magnitude to the 
Sun, have a planetary system similar in 
size, distance, chemical composition, 
etc., to our solar system. The next logi- 
cal step in this theory could be that 
surface conditions on these planets are 
also similar, and therefore a_ planet 
which corresponds to the Earth in an- 
other solar system may have life upon 
it as we know-it on Earth. 


The Plasma in Controlled 
Fusion Reactions 


The best-known application of mag- 
netohydrodynamics is in experiments 
to control fusion reactions. The start- 
ing step in all such experiments is the 
generation of a high-temperature 
plasma. The plasma is further heated 
to such high temperatures (10° de- 
grees) that it contains free nuclei. At 
this high temperature, the nuclei col- 
lide with such high velocity that nu- 
clear repulsive forces are overcome, and 
the nuclei may get close enough to each 
other for fusion to take place. 

The technical difficulties in achiev- 
ing controlled-fusion reactions are very 
great. The high-temperature plasma 
has to be contained in such a manner 
that it should not come in contact with 
the walls of the container. Should this 
happen, not only would the container 
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immediately vaporize, but the plasma 
would cool off considerably. Since the 
plasma is electromagnetic, strong mag- 
netic fields are used to contain it. This 
gives rise to further troubles from in- 
stability. A small inhomogeneity may 
compress the plasma more at one point 
than at others. With the magnetic sus- 
ceptibility thus increased, the compres- 
sion rapidly increases until the plasma 
is “pinched” and its continuity inter- 
rupted. Another observed trouble is 
that the plasma does not stay quiescent 
in the center of the magnetic field; it 
wiggles. During this motion, it may 
touch the container destroying it and 
itself. Several approaches are being 
pursued to control these phenomena. 


The Magnetohydrodynamic (MHD) 
Electric Power Generator 


Another possible application of the 
plasma is in the conversion of heat to 
electricity. The presently used cycle, 
fuel-steam-turbine-generator, has a 
very low thermal efficiency, and many 
attempts have been made to shorten 
this cycle. In a conventional genera- 
tor, electricity is obtained by moving 
a solid conductor (a copper coil) in 
relation to a (stationary) magnetic 
field by steam turbine power. Now, if 


FIGURE 2. 
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TABLE | 
N. Gas 
Thermal 
K Diss. Radiation Ionization Electr. N N* Free 
N—>N_ Exc. Elec. Free Elec. Conduct. Nuclei 
2,000 
7,000 1/3 yes 1% no yes no 
12,000 compl. yes 1S% slight yes no 
20,000 compl. yes 30% strong yes yes 
30,000 yes 60% very 50% 50% 
strong 
108 yes 100% primary 0 0 100% 





the copper coil is replaced by a plasma 
which moves through a_ stationary 
magnetic field, the conditions neces- 
sary to induce an electric current are 
fulfilled. In the magnetohydrodyamic 
generator the fuel is burned under con- 
ditions which will yield very high-tem- 
perature combustion gases. These 
gases (seeded with 0.1 per cent potas- 
sium to increase electrical conductiv- 


ity) pass through a magnetic field. Sta- 
tionary electrodes are inserted into the 
plasma to conduct away the generated 
electricity. These electrodes perform 
the same function as the carbon 
brushes in a conventional generator. 

In at least two laboratories in the 
United States, electricity is already 
being obtained on experimental mag- 
netohydrodynamic generators. Many 


High-enthalpy arc, using graphite electrodes. 


CONS. SOT AIR 

















engineering problems have to be solved 
before a unit of practical size can be 
built. It is estimated, however, that 
when such a unit becomes operational, 
its efficiency may be 25 per cent higher 
than that of presently available power 
plants. 


Plasma Generators 


The development of plasma genera- 
tors has advanced considerably during 
the last few years. These generators 
are based on the principle of the elec- 
tric arc. In a conventional or low in- 
tensity carbon arc, two carbon elec- 
trodes are connected to a power sup- 
ply, brought in contact momentarily, 
and then separated. The air gap be- 
tween the two electrodes is bridged by 
an arc of high luminosity. During this 


process, the negative electrode, the 
cathode, emits electrons which are ac- 
celerated by the plasma in the arc and 
reach the anode. The carbon does not 
heat up to vaporization temperature. 
The consumption of the electrodes is 
due entirely to the oxidation of carbon 
in air. The current density at the anode 
is approximately 40 amp/cm*. If more 
current is forced into the electrode, the 
current density does not increase, but 
the arc spreads out and occupies a 
larger area of the anode so that the 
original current density is maintained. 
During this process, the electrons and 
the ions, which travel in the opposite 
direction, are carried by the air since 
there is little carbon vapor in the 
plasma. 

Another type of arc is obtained when 


FIGURE 3. Ten megawatt plasma-generating facility with turbulent pipe-test section attached. 
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the current density reaches 100 amp 
cm?, and sudden changes in behavior 
appear. The carbon surface reaches 
vaporization temperature, and the cur- 
rent is carried by carbon vapors. The 
plasma becomes highly electromag- 
netic, and its temperature increases 
considerably. The electromagnetic ef- 
fect constricts the plasma into a narrow 
stream thus further increasing current 
density. It is possible to reach 5000 
amp/cm? at the anode surface. Such 
an arc is called a high-intensity stabil- 
ized arc. Since a large number of elec- 
trons are in a highly excited state, the 
plasma is very brilliant from radiant 
emission. 

The prevention of the arc from 
spreading on the anode surface or 
stabilization of the arc can be achieved 
by surrounding the cathode with a high- 
velocity, high-pressure gas. The first 
high-intensity arcs used water, which 
was fed tangentially into the arc cham- 
ber. Contact with the water confined 
and stabilized the arc. More recently, 
gases (air, nitrogen, helium, argon, 
etc.) have been used in plasma genera- 
tors. In all cases, consideration has to 
be given to possible interactions be- 
tween electrodes and the gas. Result- 
ing contamination of the plasma may 
be a problem for some applications. 
Carbon electrodes can be replaced by 
copper, tungsten, or other refractory 
conductors to reduce contamination. 
Metallic electrodes may be cooled by 
water, to further reduce their consump- 
tion. 


Several plasma generators are al- 
ready commercially available. Small 
units (Figure 1) are used for spraying, 
cutting, and vaporizing highly refrac- 
tory materials. Larger units (Figure 2) 
are used in laboratories for the study 
of high temperature properties of mat- 
ter. Very large units are built (Figure 
3) which can simulate the high tem- 
perature conditions missiles are ex- 
posed to when re-entering the Earth’s 
atmosphere. Studies are being carried 
out on the application of plasma gen- 
erators as space propulsion power 
plants. 


In all the existing and future appli- 
cations, the three fundamental prop- 
erties of plasma are made use of: elec- 
tromagnetism, high temperature, and 
high velocity. These unique properties 
make it very likely that the application 
of the plasma will solve many impor- 
tant problems in the future. 
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Low Level 
Radioisotope 
Techniques 


By JOHN H. WOODBURN 


Chemistry Teacher, Waiter Johnson High School, Bethesda, Maryland 


NCREASINGLY, more of us need to learn and under- 

stand as much as possible about nuclear phenomena. 
Simple experiments with low-level quantities of isotopes 
become one of the most interesting and informative ways 
in which nuclear phenomena may be understood. The 
following picture presentation describes a variety of meth- 
ods and techniques whereby experiments can be accom- 
plished to give students and teachers an excellent intro- 
duction to achieve this knowledge. 





1. The Geiger counter is the instrument most commonly 
used for keeping track of nuclear radiations. The heart of 
the instrument is a relatively long, thin-walled tube, illus- 
trated with its protective shield removed. The instrument 
will respond to any whizzing particles or bundles of energy 
which can penetrate or dislodge other ionized particles 
from the walls of the tube. Inside the instrument case, elec- 
tronic circuits amplify each pulse that is triggered by a 
radioactive particle. Some instruments are equipped with 
recording devices to count the number of particles entering 
the Geiger tube over a period of time. In this instrument, 
however, counts must be made by observing the swing of 
a needle across a dial or counting the clicks which come 
over an earphone. 





2. Nuclear radiations can also be detected by their ef- 
fects on photographic film. Pieces of X-ray film are being 
cut to the proper size in a darkroom and placed in contact 
with a radioactive watch dial. Note in the photograph that 
the dial has been cemented to a piece of cardboard and 
wrapped with transparent film. After the film and dial have 
been wrapped with opaque paper, the preparation can be 
held down by two or three books and left long enough to 
expose the X-ray film. This photograph shows two pieces 
of film, one left in contact with the watch dial for three 
hours, and the other for one hour after being removed 
from the wrapping and developed. Developing procedures 
vary with different kinds of film, but, in general, the pro- 
cedure is to leave the film in the developer for five minutes, 
in the fixing solution for ten, and in the washing liquid for 
thirty minutes. 





3(a). Laboratories which sell radioactive materials usu- 
ally prefer to deliver the material as evaporated residues in 
small bottles. If 10 microcuries of Iodine 131 are ordered, 
for example, a small bottle will arrive which, from all ap- 
pearances, will be empty. On the bottom of the bottle, 
however, there will be enough sodium iodide to contain so 
many Iodine 131 atoms that 370,000 of them will dis- 
integrate each second. If 10 ml of water are added to the 
















































bottle, the sodium iodide will be dissolved, and 10 ml of 
Iodine 131 solution will be available. Each ml of this solu- 
tion will contain one microcurie of Iodine 131. 
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3(b). If the supplier provides 50 microcuries of an 
isotope, Sulfur 35 for example, by washing five 10-ml 
quantities of water from the delivery bottle, 50 ml of Sul- 
fur 35 solution will be available. Each ml of this solution 
will also contain one microcurie of Sulfur 35. 


4. A convenient way to handle small quantities of radio- 
isotopes in the dry form is to transfer a few drops of the 
one microcurie per ml solutions to circles or squares of 
filter paper, dry, cement on a tagboard card, label the card 
with the name of the isotope and the date prepared, and 
wrap the card with transparent film. Shown is a card made 
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up with two paper discs, each of Phosphorus 32 and Iodine 
131. This card gives you the key to the relationship between 
the number of counts recorded by a Geiger counter and the 
distance the source is from the counter. Also, by combining 
two isotopes on one card an interesting problem in half-life 
decay rates is obtained. Iodine 131 has a half life of eight 
days, whereas Phosphorus has a half life of approximately 
fourteen days. By exposing the paper discs to X-ray film 
when the isotopes are fresh and then repeating the proce- 
dure at eight-day intervals or more, the effect of half-life 
decay is clearly evident. The counts obtained against time 
can be graphed, and the resultant decay-rate curves ana- 
lyzed from the four combined discs. Thus, the isotopes 
being used and their half lives are known, but it is unlikely 
that the half lives as observed will agree with generally 
accepted quantities. Extremely accurate observations must 
be taken if one is to identify an isotope by observing its 
half life and then checking it against a standard table of 
half lives. In interpreting data, it must be remembered that 
the beta particles from Phosphorus 32 are more likely to 
reach and trigger a count in the Geiger counter than are 
the lower energy particles from the Iodine 131. Further- 
more, when an Iodine 131 atom disintegrates, it emits a 
beta particle and a gamma ray. The gamma ray travels 
through greater thicknesses of air and other materials 
before expending its energy, but only a very small percent- 
age of the gamma rays which whiz toward and through a 
Geiger tube actually trigger a count. 





5. To compare the energy of the radiations from Sulfur 
35, Iodine 131, Phosphorus 32, and Zinc 65, paper discs 
were soaked in one microcurie per ml solutions of these 
isotopes, dried, cemented to a 2'4- x 2'4-inch piece of 
tagboard, and wrapped with transparent film. The discs 
were then soaked with a pack of sheets of aluminum foil or 
lead foil arranged so that the top edges of the discs were not 
covered, but the nuclear radiations coming from the discs 
would encounter increasing numbers of sheets of foil fur- 
ther down the paper discs. The preparation was then cov- 
ered with X-ray film and left in opaque paper wrappings 
inside a heavy book for approximately fifteen hours. The 
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developed films will show the relative abilities of the radia- 
tions to pass through increasing thicknesses of whatever 
metal is used. Shown here are the results obtained when 
using sheets of aluminum foil. 
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6. To observe how atomic radiations lose their energy 
and scatter out as they pass through increasing distances 
is another interesting exercise. In the box above is seen a 
small ball of cotton that soaked up a few drops of the one 
microcurie per ml Phosphorus 32 solution and was 
mounted on a toothpick in the end of a box. In the dark- 
room, small pieces of X-ray film were placed one inch, two 
inches, four inches, and eight inches from the “point 
source” of the Phosphorus 32 and arranged so that each 
film had a clear path to the Phosphorus 32. The pieces of 
film were protected from the beta particles by lead, but 
three holes were placed in the lead shields. Shown is one 
of the pieces of film after it had been in the light-proof box 
for approximately 120 hours. The film has been developed, 
fixed, washed, dried, and is ready for mounting in a 2- x 
2-inch slide binder so that it can be projected for study. 
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7(a). A satisfactory procedure for making plant auto- 
radiographs is shown in this series of photographs. After 


the experimental plants have been removed from whatever 
radioactive solutions were involved in an experiment, they 
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are rinsed clean, blotted dry, and carefully placed on 
labeled tagboard cards. Note use of the rubber gloves. 
Unless a specific experiment dictates which plant should be 
used, small, vigorous weeds can be substituted. They 
should, of course, be checked to see if they have already 
absorbed a radioactive material. This can be done by using 
the procedure below (b) and exposing the “control” speci- 
mens to X-ray film for a much longer time than will be 
required for any experimental plants. 





te 


7(b). A solution to the wrapping problem is now sug- 
gested. A heavy cardboard has been placed on top of the 
plastic film-covered plants to hold them in place while the 
preparation is turned upside down and the film is tightly 
stretched, folded, and secured on the underside of the plant 
material card. 
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7(c). This is the final preparation. The transparent film 
protects the plant specimens, yet introduces a minimum of 
shielding between the photographic film and the radiations 
coming from the plant. It also prevents transfer of radio- 
active materials, an important safety precaution. 
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UNITRON STUDENT AUTO-ILLUMINATION MICROSCOPE, MSA 


The UNITRON Student Auto-lilumination Micro- 
scope, Model MSA, employs a newly designed 
stand in which all components and controls are 
within easy reach. The inclined eyepiece tube 
allows comfortable posture and may be turned in 
any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 


Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


Unit price $107 5-10 ‘96°° 


11-24 units $94.16 units 





UNITRON STUDENT MICROSCOPE, MUS 





Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 
fine and coarse focusing are provided — not 
merely a single focusing control; an iris diaphragm 
to regulate aperture for highest resolution — not 
merely a disk diaphragm; and a condenser system 
for optimum illumination. 

The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


Unit price $74. each 5-10 


‘66° 
11-24 units $65.12 Units 


Model MUS-ND: As above but with two 
objectives: 10X, 40X; single 10X eyepiece. 


Unit price $61.75 5-10 
11-24 units $54.34 units 


$5558 





unexcelled quality at budget prices 


UNITRON DISSECTING ADS 



















Heavy base, micrometric 
tack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plote, Steinheil magnifiers. 


ADS: for 10X, 20X 


$3250 


ADSA: for 5X, 10X, 20X 


$3650 


UNITRON STEREOSCOPIC MSL 



















A wide field, binocular, 
3-D dissecting model. 
Diopter and interpupillary 
adjustments. Removable 
glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


Model MSL..... 
(f.0.b. Boston) 


UNITRON LABORATORY. MLEB 


Uses the same large, 
heavy stand as our re- 
search models. Three ob- 
Jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Coarse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 


mus.......... SHS 





HIGHER QUANTITY DISCOUNTS NOW OF- 


FERED ON MOST MODELS 


UNITRON now offers even more liberal quant. 
ity discounts than ever before on most student 
models. With these lower quantity prices, your 
school can make even more effective use of its 
NDEA Funds. All models are available with 
special optical combinations, wide fieid eye- 
pieces, or other modifications to meet your 
specifications. Why not let us quote on your 


requirements? 





UNITRON PHASE MPEA 






The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
tives: 4X, P10X, P40X. Eye- 
pieces: 8X, 15X. Con- 
denser and phase dia- 
phragm. Write for a reprint 
of Professor Corrington’s 
article on this remarkable 
instrument. 


(f.0.b. Boston) 


UNITRON PHOTOMICROGRAPHY SET 


Duplicates the perform- 
ance of costly apparatus. 
Fits any standard micro- 
scope. Mounting brackets 
adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model ACA... SQQIs 


ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America’s 
leading universities, schools, and industrial laboratories. 


WRITE FOR COMPLETE CATALOG on these 
and other UNITRON Models. 


INSTRUMENT COMPANY e MICR 
66 NEEDHAM ST 





Please send me your complete catalog on 
UNITRON Microscopes §-| 











| Name and Title | 
School or College | 








Address. 








ae State nits 
a od capinthenenainaemeeanl 


Prices include wooden cabinet, plastic dustcover and free 
delivery to your school unless otherwise noted. IMMEDIATE 
DELIVERY ON MOST MODELS. 














7(d). Shown is the plant preparation being covered with 
X-ray film and inserted in a light-proof envelope. This step, 


, Of course, must be done in a darkroom. The envelope will 


now be weighted by several books to insure uniform con- 
tact between the plant materials and the X-ray film. One 
ml of the one microcurie per ml radioactive solutions is 
usually adequate for all tracer exercises. This assumes that 
plants less than a few inches in length are used which 
require no more than 10 to 30 ml of total diluted solutions. 








8. Are plants more or less likely to deposit Phosphorus 
in green portions of leaves rather than in colorless portions? 
To study this question, a plant with varicolored leaves was 
placed in 30 ml of water which contained one ml of one 
microcurie per ml Phosphorus 32. Invidiual leaves were 
removed after one, two, three, four, and five hours, placed 
on tagboard, wrapped with transparent film, and inserted 
in light-proof envelopes with X-ray film. No deposit of 
Phosphorus 32 was observed in this preparation. After the 
plant had been in the radioactive solution a longer period 
of time, however, newly formed leaves showed uptake of 
Phosphorus 32, but no difference between green and white 
leaf tissue was observed. It will be interesting to try this 
same experiment with isotopes of other elements and to 
vary light, temperature, and similar conditions under which 
the plants are being grown. 
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9. Do different species of plants vary in the amount of 
radioactive Sulfur 35 and Iodine 131 they will absorb 
from the same solution? Six different species of plants were 
placed in 20 ml of water containing one ml of one micro- 
curie per ml of Sulfur 35 or Iodine 131. The accompanying 
autoradiographs show relative absorption of each of the 
species after they had been in the solutions for twenty-nine 
hours. It is very difficult, however, to gain quantitative data 
from autoradiographs. The beta particles from Sulfur 35, 
for example, have scarcely enough energy to penetrate the 
tissues of a plant, whereas the radiations from the Iodine 
131 which reached the X-ray film may have come from 
deep within the plant tissues. 
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10. Do minerals only move upward in plant roots? To 
test this hypothesis, the root systems of two plants were 
divided as shown in tubes placed side by side. One-half of 
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the root system of a clover and ragweed plant was placed 
in solutions containing Phosphorus 32; the other half of 
the root system was in ordinary water. The radioactive 
solutions contained 0.2 ml of the one microcurie per ml 
solution of Phosphorus 32. After the plants had been in the 
solution seven hours, they were removed and autoradio- 
graphed. The autoradiographs on the right show that there 
is some movement of the radioactive Phosphorus down 
through the portion of the root system that was not in the 
radioactive solution. Other investigators may want to deter- 
mine whether the movement occurred on the outer surface 
of the root or whether it occurred within the usual conduct- 
ing tissues of the root. 





11. A sprouting dahlia tuber was left for 157 hours in 
20 ml of water containing one ml of one microcurie per 
ml Phosphorus 32. Slices of the dahlia tuber were then 
wrapped with transparent film and placed in contact with 
X-ray film for ten hours. The illustrated autoradiographs 
show the portions of the dahlia tuber which absorbed ra- 
dioactive Phosphorus. 





12(a). Tracer isotopes can be used to find out many 
interesting things about what goes on in seeds when they 
germinate and develop into seedling plants. A convenient 
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procedure is to float thin sponge discs on water in small 
dishes or beakers. Seeds can be “planted” on the sponge. 
One ml of one microcurie per ml solution of Phosphorus 
32 is being used for the tracer isotope. If seeds are added 
at approximately five-day intervals, they can all be removed 
after the oldest have formed seedlings, been washed briefly, 
partially dried, placed on tagboard cards, labeled, covered 
with X-ray film, wrapped with opaque paper, and weighted. 
After ten to twenty hours the X-ray film can be developed. 
Autoradiographs will thus show when and how much ra- 
dioactive material was absorbed during germination and 
growth of the seedlings. 





12(b). A thought-provoking observation is the nonuni- 
form absorbtion of Sulfur 35. Note the small pockets ap- 
pearing in the tomato seedlings of this autcradiograph. 
Why they appear becomes a question for another investiga- 
tion—and this is the fascination of these experiments. 
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13. Autoradiographs can be studied or exhibited in their 
natural state, printed in a photographic enlargement, 
printed contact, bound and projected as either 2- x 2-inch 
or “jumbo” lantern slides, or photographed against a white 
background. When appropriate, the preparation from 
which the corresponding autoradiograph was made could 
also be included. 
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The Regulation of Plant Growth 


By ROBERT W.° STEGNER 


Science Teacher, East High School, Denver, Colorado 


This report was an entry in the 1960 STAR 
(Science Teacher Achievement Recognition) 
awards program conducted by NSTA and 
sponsored by the National Cancer Institute, 
U. S. Public Health Service. 


ANY teachers of high school 
biology will agree that plant 
science is more difficult to teach to 
make it interesting than many other 
phases of biology. Yet, no part of 
biology is more important, and 
teachers should strive to enrich and ex- 
pand presentations of the botanical as- 
pects of biology. 

Thinking people everywhere are be- 
ginning to see that man’s population 
will someday completely outstrip the 
world’s food production in spite of 
temporary surpluses in the United 
States. With this view, the progress of 
recent years in understanding the basic 
nature of plant growth takes on special 
interest and urgency. The following 
activities are designed to develop these 
understandings more deeply in high 
school biology classes. 

Among the chemicals which have 
been found to regulate plant growth, 
the most prominent is indoleacetic acid 
or IAA, which occurs naturally in all 
higher plants and is hormonal in 
action. This substance is now being 
produced commercially and lends it- 
self to use by high school students. 

Many home owners are acquainted 





NOTE: The author will teach at Washing- 
ton High School, Denver, Colorado, in the 
fall of 1960. 
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with 2,4-D (2,4-dichlorophenoxyacetic 
acid) .and its ability to kill broad- 
leaved weeds without harming grasses. 
Actually, at low concentrations this 
substance acts as a plant growth stimu- 
lant. It is a synthetic substance chemi- 
cally related to IAA. Numerous other 
synthetic substances influence plant 
growth, but herein we will discuss only 
IAA since it occurs naturally in plants 
and has been shown to regulate to 
some extent practically every phase of 
plant growth. 

Il. The extraction of IAA from corn 
grains and demonstration of its growth- 
promoting action on sunflower seed- 
lings. é; 

Grind about 25 sweetcorn grains in 
a mortar and place meal in a small 
beaker. Add 10 ml of 1/50 Normal 
sodium hydroxide solution and boil 
gently for 5 minutes while stirring, thus 
releasing the IAA from the cornmeal. 
Now cool and neutralize with 10 ml of 
1/50 Normal hydrochloric acid and 
filter through cloth. Melt a teaspoon- 
ful of anhydrous lanolin in a small dish 
over hot water, add 5 ml of the neu- 
tralized corn extract to the melted 
lanolin, and mix to a whitish paste. 
Prepare a control paste by using a tea- 
spoonful of lanolin with 5 ml of plain 
water instead of corn extract. Apply 
these two preparations to two groups 
of sunflower seedlings about 8 to 12 
days old. The seedlings should be about 
3 inches tall (the straighter the bet- 
ter). They can be placed in the dark 


the day before use to insure straight 
plants. (To grow these seedlings, use 
the seeds of the large, ornamental sun- 
flower.) Now apply the IAA lanolin 
unilaterally to the stems of one group 
of seedlings and the control lanolin 


similarly to the others. Place all plants 


in the dark. 

After 24 hours, the extracted hor- 
mone should cause the stems of the 
treated seedlings to curve because of 
the increased growth on the treated 
side. The control group should remain 
straight. 

This same experiment can be done 
by saturating 112-inch strips of absor- 
bent cotton in the corn extra.t (no 
lanolin) and pinning them to the seed- 
ling stem with a slender pin thrust 
through the seedling leaves. The con- 
trols would use cotton soaked in plain 
water. In this variation, it is necessary 
to keep the plants well covered with a 
bell jar or other device to prevent dry- 
ing of the cotton. With that exception 
the method works very well. 

Apparently, when a plant turns to- 
ward the light, it is because the IAA is 
destroyed or translocated from the 
lighted side of the stem so that the 
darker side grows more rapidly. This 
explanation of phototropism is gener- 
ally accepted. Here, then, we have a 
deeper explanation of our old experi- 
ment of plant attraction to light. 

II. Demonstrations of growth ef- 
fects of pure, crystalline indoleacetic 
acid. 


A. Effects on cell elongation. 


Preparation of Solutions: Weigh out 
10 mg of crystalline indoleacetic acid 
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and dissolve in 2 or 3 ml of ethyl 
alcohol. Pour the resulting solution 
with rapid stirring into 100 ml of water 
and warm the mixture gently to evap- 
orate the alcohol. Dissolve 2 g of 
sucrose in water to make 100 ml and 
place 18 ml of this solution in each of 
five Petri dishes. With a pipette, add 2 
ml of the IAA solution (prepared 
above) to the first dish to make a con- 
centration of 10 parts per million of 
IAA (parts per million equals milli- 
grams per liter). Stir this solution 
thoroughly and take 2 ml for the 
second dish, making a solution of 1 
ppm. Stir. Take 2 ml from the second 
dish and add to the third to make a 
concentration of 0.1 ppm. Stir. Take 
2 ml from the third and add to the 
fourth dish to make 0.01 ppm. Leave 
the fifth dish with distilled water as a 
control. 

Procedure: Hull several hundred oat 
grains or use wheat grains that have 
already been threshed from their hulls. 
Soak them for 5 hours in pure water 
and then plant in shallow containers of 
moist soil or sand. Do this with care to 
be sure of a uniform crop of leaf 
sheaths or coleoptiles. Place each grain 
pointed end downward in a small hole 
of a depth just exceeding the length of 
the ‘grain. Firm the soil with the fingers. 

When the coleoptiles are about 25 
to 30 mm long—the fourth day at 
25° C—bring them out into the light 
and carefully cut them off at the base. 
(See Figure 1 herein.) Lay several 
coleoptiles side-by-side with their tips 
in line and cut uniform sections from 
them by using a cutter as pictured. The 
cutter is made with two double-edged 


COLEOPTILE 


PRIMARY LEAF 


EN DOSPERM 


FIGURE 1. Oat seedling. 
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razor blades fastened to the two sides 
of a small block of wood about %- 
inch thick, as a double-bladed knife 
(Figure 2). For this experiment you 
will need 50 sections. As soon as they 
are cut, float them in distilled water. 
Place ten sections in each of five Petri 
dishes containing concentrations of 
0.0, 0.01, 0.1, 1.0, and 10.0 parts per 
million of indoleacetic acid in sugar 
(sucrose) solution. 

Place the dishes with their coleoptile 
sections in the dark at about 25° C for 
approximately 24 hours. Then bring 
dishes out into the light and measure 
the coleoptile sections to the nearest 
half millimeter. Calculate the average 
length in each dish and the average in- 
crease in length. Plot the data on a 
graph with the average-increase-in- 
section length on the vertical axis and 
the hormone concentration equally 
spaced on the horizontal axis. 

The graph will show an increase 
in growth with increasing concentra- 
tions of IAA up to a point after which 
an inhibition of growth appears. The 
growth which is induced in the sections 
by the IAA is due to cell elongation 
rather than increased cell division. 

This technique can be used as a bio- 
assay to indicate quantitatively the 
amount of growth-promoting substance 
present in a solution and is often more 
accurate than any chemical test. 


B. Effects of IAA on the growth of 
lateral buds. 


Procedure: The relatively large 
amounts of IAA produced by the 
growing tips (apical buds) move down- 
ward in the stem and inhibit the growth 
of the lower buds. This explains the 
lack of development of lateral buds of 
many plants and influences the habit of 
growth of plants, often determining 
whether they will be tall and slender or 
short and bushy. The growth of many 
flowering plants and other ornamentals 
can be regulated by “pinching-out” the 
apical buds. 

To investigate this phenomenon, 
grow sunflower, bean, pea, or other 
seedlings in pots or flats until true 
leaves have appeared. Divide into three 
groups. Set aside Group 1 as a control. 
Remove the stem tips from the seed- 
lings in Group 2 with a razor blade and 
apply pure, anhydrous lanolin to the 
cut surfaces. Also remove the stem tips 
from the Group 3 seedlings and apply 
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FIGURE 2. Coleoptile section cutter constructed of 
two double-edged razor blades fastened to a block 
of wood. 


a dab of anhydrous lanolin containing 
IAA to each cut surface. An amount 
the size of a matchhead would be ade- 
quate. Prepare the IAA-lanolin mix- 
ture as follows: Weigh out 2 g of 
anhydrous lanolin. Dissolve 30 mg of 
IAA in 1 to 2 ml of ether or ethyl 
alcohol and mix with the lanolin. 
Warm mixture gently to drive off the 
ether or alcohol and allow to cool be- 
fore use. 

Place the three sets of plants in 
favorable growing conditions and ob- 
serve for several weeks for lateral bud 
development. You can expect that 
buds will not develop in the untreated 
plants or in those treated with the IAA- 
lanolin mixture which replaces the na- 
tural hormone. Buds could be expected 
to develop in the stems treated with 
plain lanolin. 


C. Prevention of leaf or petiole fall— 
abscission. 


Procedure: Indoleacetic acid pro- 
duced in the leaf blade moves down 
into the leaf petiole where it prevents 
the formation of a weak cell zone at 
the petiole base which would otherwise 
result in leaf fall. This phenomenon 
can be demonstrated quite easily with 
the Coleus plant. Leaving the petioles 
attached to the plant, remove a number 
of leaf blades with a razor blade. Place 
labeled, paper-reinforcement rings on 
the bases of these petioles and apply 
dabs of pure lanolin to half of the 
petioles and IAA-lanolin mixture to 
the other half. In a week or two you 
can expect that the lanolin-treated 
petioles will drop off in the normal 
fashion while those treated with IAA 
will remain on the stem as though the 
leaf blades were still there. This ex- 
plains why deciduous trees lose their 
leaves in the fall whenever growing 
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To a student, physics should be more 
than just a description of things as dis- 
covered by geniuses; it is [an] aim of 
this text that the student should himself 
experience fundamental physics as a 
real and understandable growing body 
of exciting ideas. To this purpose we 
have devoted more space than usual to 
showing how major principles are de- 
duced from basic experience, how these 
pervasive major principles enlarge our 
understanding of the physical world, and 
how, even as they add to our under- 
standing, they raise new and still un- 
answered questions at the forefront of 
modern research—research that will be 
carried out by some of the students who 
use this book. 
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conditions bring about a decline in hor- 
mone production. 


D. Induction of rooting in plant cuttings 
by IAA. 


Although many plant cuttings root 
readily when placed in moist sand, 
others root only slowly or not at all. 
Rooting of such cuttings can be 
accomplished or increased by the 
application of IAA to the cut surface 
or by setting the cuttings in IAA 
solutions. Cuttings from a variety of 
plants, such as lilac, rose, geranium, 
ivy, carnation, and others could be 
tried with suitable controls. Try 
soaking the cutting bases in a solu- 
tion of 100 mg of IAA per liter for 24 
hours. Then place the cuttings in moist 
sand and observe for the time needed 
for rooting and the number of roots 
produced. At the same time you might 
want to try a series of concentrations 
of IAA since the optimum concentra- 
tion probably varies somewhat with the 
species. Lanolin pastes could be used 
also by applying the lanolin to the 
bases of the cuttings. This procedure 
has important implications for horti- 
culture and perhaps for agriculture. 


E. The induction of fruit formation with- 
out pollination (parthenocarpy) by treat- 
ment with IAA. 


Procedure: Most fruits develop only 
after pollination of the flower. This de- 
velopment is apparently related to 
IAA content of the pollen and the in- 
duction of further “AA _ production. 
Exceptions are the natural formations 
of various seedless fruits. To investi- 
gate this phenomenon, select a tomato 
plant with unopened and unpollinated, 
but well-developed, flower buds. Open 
a bud and with a forceps remove the 
circle of unopened stamens and the 
petals, exposing the pistil. With a razor 
blade cut off the stigma and the upper 
part of the style and apply a dab of 
IAA-lanolin mixture to the cut surface. 
Treat several flowers and then repeat 
with another group of flowers and pure 
lanolin. Label all treated flowers and 
place plants under favorable growing 
conditions. The IAA-treated ovaries 
should develop fruit in a few weeks. 
Prepare IAA-lanolin as in part B. 

This series of activities should give 
the student an elementary idea of re- 
cent advances in plant growth studies. 
A thorough understanding of the ef- 
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fects of chemicals such as IAA has 
great possibilities for influencing plant 
growth and food production. But, this 
is not the magic wand with which 
science will solve all of mankind’s 
problems. Man’s adjustment to earth- 
living must be considered from the 
viewpoints of production, conserva- 
tion, and population. With such inves- 
tigations as those described herein, 
scientists are working on one phase of 
the production problem. Students of 
biology should be exposed to this vital 
and fast-moving field of science and 










also to the whole matter of population 
versus resources. 


References 


James Bonner and A. W. Galston. Prin- 
ciples of Plant Physiology. W. H. 
Freeman and Company, San Francisco, 
California. 1952. 

Aldo Carl Leopold. Auxins and Plant 
Growth. University of California 
Press, Berkeley, California. 1955. 

Leonard Machlis and John G. Torrey. 
Plants in Action. W. H. Freeman and 
Company, San Francisco, California. 
1956. 





individuals. 


in every state in the union. 
@ All models are U.L. APPROVED, 


as well as for portable service. 





+ eP. iat 


ENRICH YOUR SCIENCE PROGRAM 
ah-| folt 
WITH Lab [holt POWER STATIONS 


@ EACH INDEPENDENT UNIT PROVIDES COMPLETE, SELF-CONTAINED, VARI- 
ABLE A.C. AND D.C. ELECTRICAL SERVICE FOR TWO STUDENTS. 


@ Students safely do everything themselves, freeing teachers to work with 


@ Lab-Volt Power Stations are educationally correct and are now widely used 


@ All models simply plug into standard A.C. outlets, 


@ Models are available for recessed (illustrated) and furniture-top installation 


@ A complete series of detailed and illustrated experiments in electricity and 
magnetism is furnished to all Lab-Volt users. 


SEND TODAY FOR A FREE SAMPLE EXPERIMENT, AND LITERATURE SHOWING 
HOW THE LAB-VOLT STATION CONCEPT CAN ENRICH YOUR SCIENCE PROGRAM. 








SEH 









Tepresent new projects in film communication. 
y’s science curriculum every form of audio- 
‘These currently produced films were planned 
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AREFULLY selected and effec- 

tively used, audio-visual aids can 
do much to vitalize the science cur- 
riculum and to enhance conditions for 
learning. Motion pictures in particular 
have the potential of bringing subject 
content to life and of accelerating a 
science program of studies toward its 
objectives. This is especially true 
when the films present relevant ma- 
terial not otherwise readily available 
or as dramatically presentable to the 
pupil. 

It can be said—borrowing from 
the educational psychologist—that the 
“end products of learning” for which 
science courses are taught fall into 
five classifications: skills, knowledge, 
understanding, attitudes, and appre- 
ciations. Most films in the sciences 
are designed to function in the devel- 
opment of skills as in the use of labora- 
tory equipment, knowledge as in the 
mastery of facts, and understanding as 
in the comprehension of concepts. Few 
indeed are the science films which are 
especially designed to function in the 
development of attitudes and appre- 
ciations. Such a group of films, Hori- 
zons of Science, recently has been 
completed and released by the Edu- 
cational Testing Service of Princeton, 
New Jersey. 

This series of ten, twenty-minute 
films in color and sound, Horizons of 
Science, is defined as a motivational 
program. The films are designed to 
stir imaginations and to stimulate 
thinking among pupils. They give 
pupils cause to be favorably disposed 
toward the sciences and mathematics, 
both as courses of study in schooi and 
as careers to plan for in the future. 
The approach to the pupil is through 


The exploration into the nature of matter and behavior 
} Of the neutron is told in “Neutrons and the Heart of 
| Matter.’ 
authority on neutrons, with Assistant, checks the generator 
used to accelerate particles over 95 per cent the speed 
) of light (approximately 186,000 miles/second in air). 


Dr. Donald J. Hughes, nuclear physicist and 
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Reported by WESLEY W. WALTON 


Director of Developmental Programs, Educational Testing Service, Princeton, New Jersey 


the scientist. A practicing scientist, 
outstanding in his field, is the com- 
munications link between each of ten 
scientific disciplines presented in the 
series and the youngsters who see the 
films. The seasoned scientist com- 
municates to the embryonic scientist 
and the upcoming citizen toward whom 
the nation must look for future ad- 
vances in science and the understand- 
ing of scientific efforts. 

The primary objectives of Horizons 
then are twofold: (1) to cultivate ap- 
preciation by secondary school pupils 
of the works, satisfactions, and prob- 
lems of scientists; and (2) to encourage 
on the part of the young people posi- 
tive attitudes toward scientists as 
people and toward sciences as attrac- 
tive areas for academic, technical, and 
professional pursuit, and also for 
knowledgeable lay observation. 

The pattern for the series is for a 
scientist of national reputation in his 
field to bring to the screen the story of 
his work, the hallmarks of progress, 
the personal satisfactions, and the rele- 
vance of this work to the needs of our 
time. Ten major fields of science and 
research are treated. Each film brings 
an experience with the men, methods, 
and tools of science parallel to a field 
trip to the laboratory with the scientist 
as a guide. Seen as a program, the 
series ranges broadly over social, bio- 
logical, physical, and earth sciences 
and places applied and especially basic 
research in perspective as the keystones 
of all science. 

The synthesized “tield trips” take 
students to and through the perception 
laboratories and illusional demon- 
strations of psychologist Hadley Can- 
tril; the microbiology laboratory with 
cinemicroscopy techniques shown by 
entymologist Roman Vishniac; the 
plastic balloon systems of Otto Winzen 


with flights to 100,000 feet; the elec- 
tronic research and development facili- 
ties of the laboratories of the Inter- 
national Business Machines, Bell Tele- 
phone, and the Massachusetts Institute 
of Technology; the test model Missis- 
sippi River basin of the Army Engi- 
neers; the study of change in a cul- 
tural “laboratory” with anthropologist 
Margaret Mead; geophysical and ocean- 
ographic observations from the re- 
search vessel Vema; the Palomar Ob- 
servatory with its 200-inch reflector; 
the center for physiological research at 
the New York University College of 
Medicine with its multi-discipline re- 
search team; and the particle acceler- 
ators and nuclear reactors for basic re- 


A radiation experiment using rats is begun to 
determine the effects of X rays on the capillaries. 
Dr. Evelyn Rosenberg, New York University Col- 
lege of Medicine, tells of basic research in the 
microcirculation of blood and the capillary bed 
in “The Flow of Life.” 
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A core sample, representing nine million years of sedimentation, 
has been removed from a depth of more than three miles in the 


Caribbean. 


the crust of the earth. 


search in atomic energy at the Brook- 
haven National Laboratory. These are 
awe-inspiring places, and the scientists 
who have taken the opportunity in 
Horizons to communicate with school 
pupils are inspired men and women. 

Horizons of Science would seem to 
offer an unusually fine opportunity for 
the inspired teacher productively to 
supplement his program of instruction. 
The films purport to help teachers 
achieve an end among the most difficult 
to achieve in measurable amounts—to 
positively develop and/or change the 
attitudes of young people. The Hori- 
zons’ approach to science films is com- 
mended to full and careful evaluations 
of usefulness in this challenging sphere 
of instruction. 

The success with which the prime 
objectives of Horizons eventually will 
be met is of course neither known at 
this time nor to be: easily derived. 
Early reports seem to indicate, how- 
ever, that some degree of success al- 
ready is being realized. Having had the 
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The Horizons of Science film, “Project Mohole,” shows 
the work of a team of scientists who plan to drill a hole through 





Entomologist and microbiologist, Dr. Roman Vishniac works alone in his small 
home laboratory in New York. 
of living things too small to be seen by the naked eye. 
Vishniac’” shows the life function of microscopic, one-celled animals through 


He makes photographs and motion pictures 
“The Worlds of Dr. 


extraordinary cinemicroscopy. 


benefit of the Horizons program as 
an augmentation of regular science 
courses of study, for example, students 
have been inspired to launch projects 
of independent related reading and 
study, for the construction of dynamic 
devices and principle demonstrators, 
and for the conduct of complex experi- 
ments. 

Happily enough, a natural path 
exists from seeing the film to carrying 
out the followup. Where used with 
maximum effectiveness, each film is 
seen at least three times: once for 
pleasure, once for probing, once for 
“pay.” The sheer beauty of the mathe- 
matics in a river, the awesomeness of 
spiral nebulae, the fascination of the 
heart-throbbing flow of life, the dark- 
ness of space—these kinds of striking 
phenomena portrayed on the Horizons 
screen leave but few unmoved. The 
films, seen at first, are to be enjoyed. 

A second screening for probing 
brings fundamental observations. What 
kind of person is the scientist? What 


gratifications does he get out of his 
work? How does he go about his 
work? What does he learn? What are 
the remaining mysteries in his field? 
How do both success and failure mark 
his progress? Where does basic re- 
search fit into the pattern of man’s 
progress? These student probes, helped 
along by insights communicated by the 
narrating scientist in each film and by 
class discussion, are the grist of the 
motivational mill. 

Three generalizations seem appro- 
priate for use as criteria to measure 
success in the probing phase. Briefly 
stated they are as follows: (1) The 
enthusiasm conveyed by a scientist 
about his field is contagious. (2) The 
intensity of interest in the scientific 
field at first exposure is roughly pro- 
portional to the degree to which the 
pupil can visualize that field. (3) In 
talking “straight” to the pupils (rather 
than “down” to them), the scientist 
lifts them to a level of sophistication 
still within their reach. 
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Conventional outcomes of knowl- 
edge and understanding should result 
from a third screening. Judicious use 
of the Study and Discussion Guides 
would seem to assure that the sub- 
ject matter content of the films is put 
into course of study context, absorbed 
and assimilated by the pupils. The 
Guides present technical discussion of 
the film content, detailed topical out- 
lines for class discussion, simple ex- 
periments and demonstrations as well 
as other student activities, short-answer 
test questions, and bibliography for 
both student and teacher. 

As may have been apparent from 
the above, the Horizons’ series has 
secondary objectives of a more con- 
ventional nature. But here as well, the 
program is_ horizon-wide. Broader 
understanding of science and its place 
in our world today is equally important 
to the individual who is a serious 
student in science and to his counter- 
part who has regarded with trepidation 
science and mathematics courses or 
careers. In fact, a clear understanding 
of the world of science is vital for all 
Americans today. Individually and 





Dr. Margaret Mead, cultural anthropologist at the American Museum of Natural History, wears a 


feathered hand-carved war charm of the Manus culture in New Guinea. Charms are worn during 
battles as in the culture’s competitive ceremonies. In “New Lives for Old,” Dr. Mead tells of the 
striking changes experienced in a twenty-five year period by the people of the Admiralty Islands. 
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collectively dependent on _ scientific 
progress for continued _ security, 
strength, and vitality, the members of 
our democratic society need to know 
more and more of science in order to 
function effectively. The objectives of 
knowledge and understanding in the 
series are cast in this light. 

It is of course true that there is a 
natural niche for each film in the 
Horizons’ series in some _ science 
course. One may hope, however, that 
its typical use will be as a program 
breaking the bounds of science com- 
partments so as to be assimilated by 
the widest possible audience. 

The major problem to be encoun- 
tered in making effective use of these 
films, it seems to us, is to find the place 
in the school program where the films 
can serve their best purposes. The 
breadth of subject treatment which 
characterizes the series is at once a 
blessing and a burden. Where are the 
blocks of time to present a film pro- 
gram which ranges from psychology to 
oceanography, from astronomy to 
microscopy? If one faces this challenge 
successfully, the benefits are bound to 
be manifold. 


NOTE: See review under Audio-Visuals, 
The Science Teacher, October 1960. p. 58. 
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Planet Earth 


HE “Planet Earth” film series of 

the National Academy of Sciences 
presents an up-to-date delineation of 
man’s physical environment. The films 
embrace thirteen areas of the geo- 
physical sciences and are concerned 
with the solid earth, surface and lower- 
atmosphere phenomena, the upper at- 
mosphere, and space. Although each 
film has its own specific subject and 
title and can thus be used separately, 
the series as a whole presents an over- 
all review of our planet as seen in the 
light of present-day geophysical knowl- 
edge. 

The series represents the only film 
activity specifically undertaken by the 
Academy. It originated in the interest 
of students, teachers, and the general 
public in the International Geophysi- 
cal Year. Long before the onset of this 
unprecedented eighteen-month period 
of world-wide experiments and ob- 
servations, the IGY had captured the 
imagination of young and old alike. 
This interest heightened as programs 
were undertaken and realized, and one 


Reported by HUGH ODISHAW 


Executive Director, U. S. National Committee for the IGY and the Space Science Board, 
National Academy of Sciences-National Research Council, Washington, D. C. 


of its consequences was a deluge of 
letters and inquiries from young stu- 
dents and their teachers. 

In response to these and related ex- 
pressions of interest, several steps were 
taken by the Academy of an edu- 
cational nature, of which the present 
film program is one. To assist in their 
development, an Advisory Committee 
on Education (IGY) was established 
by the President of the Academy.’ In 
addition a Working Group, consisting 
of representatives from such organi- 
zations as the National Education 


1 Wallace W. Atwood, Jr., Director, Office of 
International Relations, National Academy of Sci- 
ences; James S. Coles, President, Bowdoin College; 
Carey Croneis, Provost, Rice Institute; Laurence M. 
Gould, President, Carleton College; J. Wallace Joyce, 
Head, Office for Special International Programs, 
National Science Foundation; Joseph Kaplan, 
National Academy of Sciences, and Professor of 
Physics, University of California at Los Angeles; 


Association, National Science Teachers 
Association, U.S. Office of Education, 
and the National Science Foundation, 
was set up to assist particularly with 
the film program. 

The general approach to be taken in 
treating the geophysical sciences was 
determined by the members of these 
two committees. Because precollege 
school curricula do not ordinarily offer 
specific courses in geophysics, it was 
decided that the films should be sup- 
plementary and enriching in nature 
rather than entirely instructional in 


John R. Mayor, Director of Education, American 
Association for the Advancement of Science; Hugh 
Odishaw, Executive Director, U.S. National Com- 
mittee for the IGY, National Academy of Sciences; 
Alan H. Shapley, Vice-Chairman, U.S. National 
Committee for the IGY, National Academy of Sci- 
ences; Randall M. Whaley, Executive Secretary, 
Advisory Board on Education, National Academy 
of Sciences. 


The geophysical sciences lead scientists to nature where theories must be tested against facts and where new data are acquired. Aboard the research vessel 
Crawford, a scientist lowers a Nansen bottle to measure deep-ocean temperatures and retrieve water samples for analysis. The earth’s magnetic field is 
measured at field stations around the world. Gravity measurements are made quickly and simply at thousands of scattered points to get a picture of the 
earth’s over-all gravitational field. In the “Planet Earth” films, laboratory scenes and animation of abstract ideas are supplemented by important field 
experiments, which also show scientists at work and how they conduct their investigations. 
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Focus on any classroom 
specimen—and see it in just the 
size you want. Bausch & Lomb 
StereoZoom® Microscopes 
give you continuously variable 
power. Just a turn of the knob gives you an infinite 

1 choice of repeatable magnifications throughout the 

entire stereo range of your instruments. 

There’s a new “Power Pod” design, too. Completely 

[] Please send Catalog D-15 with complete in- , . . . 
formation on B&L StereoZoom Microscopes. encloses the optical system in a single unit— 
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BAUSCH & LOMB INCORPORATED 
78011 Bausch St., Rochester 2, N. Y. 


(] Please arrange a free classroom demonstra- eliminates image jump and blackout and keeps out 
tion at my convenience. P ° 
dust, dirt, and sticky fingers. 
Bausch & Lomb StereoZoom Microscopes are priced 
well within your budget. Why 


ES ETS A Ro CEN ee BAUSCH & LOMB not see one soon in a free 
| OS SEE SO hs classroom demonstration? 


School or College 
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To understand the nature of Earth requires exploration and research in remote regions. 
land, are drilled to thousands of feet in both polar regions. 
composition and to find clues to past and present trends in climate. 
of field stations around the world. 


character. It was hoped that the films 
would thus complement curricula in 
the earth sciences, in physics, and in 
geography. 

It was felt that the films should not 
only stimulate interest and arouse 
curiosity in geophysics, but that they 
should also convey a substantial body 
of scientific knowledge. In this way the 
viewer would not only be guided to- 
ward a more realistic interest in geo- 
physics, but would have immediately 
before him appreciable scientific infor- 
mation and data to sustain that interest. 
This approach also permits the teacher 
to prepare lectures on the major topics 
of each film, using sections of a film as 
introductions to each of the lectures. 

Although the inspiration for the pro- 
gram came from the IGY, the films 
are in no sense IGY films. The content 
in any given field, while utilizing the 
striking results of the IGY, ranges 
from early to present-day ideas and 
experiments, with projections into the 
future. Each film generally begins with 
a minute or so of significant scenes and 
commentary, stating the subject and 
raising provocative questions. After 
the title, ancient concepts are alluded 
to briefly, followed by discussion of 
major ideas and discoveries of the pre- 
ceding two or three centuries. This 
chronological section not only suggests 
the growth and development of science 
in each discipline, but turns out to be an 
interesting and simple way to explain 
many fundamental concepts which are 
simpler in their historic presentation 
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and which serve to provide a base for 
later developments. The remainder and 
the bulk of each film take up modern 
discoveries and activities. Thus the 
films attempt to give a rounded picture 
of man’s quest for knowledge in each 
field, outlining the principal discoveries 
and ideas and raising questions that 
stil! challenge science. 

Of the thirteen films, three are de- 
voted to the solid earth: The Hidden 
Earth (seismology), The Shape of the 
Earth (geodesy), and The Force of 
Gravity. Three others explore interface 
environment between the solid earth 
and the high atmosphere: The Incon- 
stant Air (weather and climate), Secrets 
of the Ice (glaciology), and Challenge 
of the Oceans (oceanography). Seven 
films are concerned with the upper at- 
mosphere and space: Our Nearest Star 
(the sun and solar activity), The Flam- 
ing Sky (aurora), Magnetic Force (the 
earth’s magnetic field), Radio Waves 
(including the ionosphere and radio 
astronomy ), Cosmic Rays, Research by 
Rocket, and Science in Space (satellite 
and space-probe research). 

In the production of the films, 
specialists in each of the thirteen fields 
were called upon for guidance from all 
parts of the country and even abroad. 
Thus the scientific soundness of the 
films was insured. Because many of the 
ideas in geophysics are abstract, ani- 
mation is used as needed. Live footage 
ranges from laboratory experiments to 
field activities. Film crews were sent to 
many parts of the world for this foot- 


Cores of ice are studied in Antarctica. 
The samples are flown to home laboratories for analysis as scientists seek to understand their 
To acquire significant footage for the “Planet Earth” series, film crews were sent to scores 





Ice cores, here from Green- 


age. An important consequence is that 
the films show scientists at work, and 
how they work in nature, from the 
tropics to the poles. The legitimate ad- 
venture of man’s coping with his en- 
vironment and of scientists’ seeking 
knowledge from nature is often re- 
flected in the field work. Moreover, the 
planetary nature of geophysical prob- 
lems is revealed by the scenes from 
other countries and from remote 
regions like the Antarctic. 

Pre-release testing has been exten- 
sive. Several hundred of the nation’s 
leading geophysicists reviewed the films 
as they were being made as well as upon 
completion. More than a thousand high 
school science teachers have screened 
and discussed the series during this last 
summer at many of the Summer 
Science Institutes supported by the Na- 
tional Science Foundation. Several hun- 
dred young students, as well as at least 
an equal number of adults, have also 
been exposed to them. The reactions of 
these varied groups have been remark- 
ably favorable and uniformly so, sug- 
gesting that the series has attained the 
objectives. 

Each of the films is approximately 
twenty-seven minutes in length. Pro- 
duced in sixteen-mm color, all are 
available in color or in black and white, 
and all have appropriate sound-track 
narrative with some music. The dis- 
tributor, to whom inquiries on purchase 
of the films may be addressed, is the 
McGraw-Hill Book Company, Text- 
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Studies of the upper atmosphere and space are the subjects of seven films in the “Planet 
Earth” series. Here (upper left) the launching of Explorer VII with the payload (detailed 
insert) is shown. Atop Fritz Peak, Colorado, scientists use a scanning photometer to explore 
the airglow. Solar prominences, photographed at the High Altitude Observatory, are an 
important feature of the sun whose activity influences particles, fields, and radiations in space 
and in the earth’s upper atmosphere. 


Film Department, 330 West 42nd _ Director, U.S. National Committee for 
Street, New York 36, New York. Gen- the IGY, National Academy of 
eral inquiries relating to the program Sciences, 2101 Constitution Avenue, 
may be addressed to the Executive Washington 25, D.C. 
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Science teachers who have installed “Science 
Circle’’ furniture report enthusiastically that their 
once-crowded science rooms now accommodate 4 bold new concept 
even more students comfortably. The three-unit 
assembly shown below is designed for twelve 
students—will accommodate eighteen if necessary. serves more students functionally 

That’s because ‘‘Science Circle’’ furniture’s bold 
new design is truly functional, makes a science 
room useful every hour of every school day, for  Sjostrom quality at a budget price 
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Attractive as it is functional, ‘‘Science Circle”’ 
furniture fills the science room with a look of 
excitement, the kind that attracts and holds 
science students. 
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HE procurement of surplus equip- 

ment and materials for science pro- 
grams is possible through the donation 
program of the Surplus Property Utili- 
zation Division of the U. S. Department 
of Health, Education, and Welfare. A 
general description of the program, his- 
tory, and administration is presented, 
followed by some suggested applica- 
tions in science education of inexpen- 
sive materials obtainable through the 
program. 


History and Organization 


Foliowing World War I, the Sixty- 
sixth Congress recognized the value of 
making surplus property available to 
educational institutions in the United 
States. Accordingly, Congress passed 
Public Law 91 in November 1919. 
Thus from this historic beginning to the 
present time, Federal agencies and in- 
dependent departments have had 
authority to make any obsolete or sur- 
plus property, no longer needed by the 
Federal government, available for do- 
nation to education programs. The laws 
giving this authority are based upon 
the philosophy that educational institu- 
tions could use such equipment to train 
the youth of our country toward pro- 
ductive lives in our technological so- 
ciety, and that the public benefit de- 
rived thereby would far surpass any 
monetary return recovered from the 
sale of such material. 

The Congress has charged the Secre- 
tary of Health, Education, and Welfare 
with the responsibility for administering 
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By ALAN MANDELL 


Science Supervisor, Norfolk County Public Schools, Norfolk, Virginia 


the donation of surplus property to 
eligible health and educational groups. 
By delegation from the Federal Civil 
Defense Administrator, the department 
also performs the function of allocating 
surplus property to state agencies for 
donation to eligible civil defense pro- 
grams. 

The Secretary of Health, Education, 
and Welfare has authorized Regional 
Representatives to make determina- 
tions that specific property items are 
useful and necessary for health and 
educational purposes in the various 
states and to allocate the property on 
the basis of needs and utilization. The 
Regional Representative has over-all 
responsibility for the locating and 
screening of all Federal surplus prop- 
erty generating at installations within 
his region. Congress has further pro- 
vided for the participation of authorized 
state agencies for surplus property in 
carrying out these responsibilities. 
These state representatives will provide 
science teachers with guidance in the 
program, for they are directly responsi- 
ble for all distribution within their state. 

There are nine Regional Representa- 
tives (see Table I) and fifty-three state 
and territorial agencies. The state 
agency personnel perform the actual 
screening and selection of surplus mate- 
rials within their state or territory and 


are the persons from which information 
may be requested on materials cur- 
rently available and/or required by 
science teachers. In many states, school 
personnel are invited to participate in 
direct screening and selection of mate- 
rials at Federal activities’ “supermarket” 
days. Science teachers can reach the di- 
rector of any state agency through the 
Regional Representative’s office (see 
Table I) or through the state govern- 
ment and request authorization as 
designated representatives of eligible 
institutions. 

The costs for this equipment and ma- 
terial to the local school or school sys- 
tem are negligible. The Federal gov- 
ernment donates the material to state 
agencies and the only charge to schools 
within the state accepting the material 
represents the state’s cost in transport- 
ing, storing, and administering the pro- 
gram. The average cost to schools na- 
tionally is four per cent of the original 
cost to the Federal government. Thus 
items which cost the government $100 
originally would cost the schools, on 
the average, only $4. More specifically, 
electronic meters (voltmeters, am- 
meters, etc.) which cost $15 at original 
purchase price are available to schools 
at sixty cents apiece or less. 

Much of the material in this program 
is new and unused and is often dis- 
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tributed in the original unopened con- 
tainer; other material has had some use 
by the services but continues to be dur- 
able and suited for longer use by the 
schools. Some materials will need con- 
version or repair; others will be useful 
only as sources of spare parts—‘“can- 
nibalization” or combining two to make 
one. The program is in no way a “junk” 
program—most of the material has 
high intrinsic value and utilization. 


Surplus Materials in Science Education 


By its nature, science education in 
the precollege years depends upon a 
variety and plentitude of equipment 
and materials. Science becomes more 
meaningful to students when they can 
learn by observing, by experimenting, 
by testing, and by measuring. Because 
of the diversity of subjects that are 
studied in a complete science program 
from grades one through twelve, a wide 
variety of materials is required. 

In general, equipment and materials, 
when obtained commercially, are ex- 
pensive. With classes of thirty to forty 
students, sufficient amounts of these 
materials to permit all students a 
chance to experiment require consider- 
able money. 

Reducing the cost of the items 
needed is one way in which surplus 
materials contributes to advance the 
science program in public schools. Per- 
haps a less obvious, but equally valid, 
contribution of surplus materials lies 
in the fact that students can learn to 
adapt materials to purposes other than 
originally designed to perform experi- 
ments. Converting the temperature 
gauge mechanism of an Army truck to 
a thermometric device for comparing 
the temperatures of different flames can 
be a more meaningful experience for a 
high school student than merely using a 
fancy commercial device. Many ex- 
amples are found where devices in- 
tended for one use can and have been 
converted to a learning device. 

Another contribution in the use of 
surplus materials combines the two 
ideas above. Because of their relative 
inexpensiveness and variety, surplus 
materials can be used for “finding out 
how it works.” Electronic meters are 
expensive devices when purchased com- 
mercially, but surplus meters are inex- 
pensive enough to justify allowing stu- 
dents to take one apart, examine the 
working relationship of the parts, and 
attempt to reassemble them for the pur- 
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Electronics materials (I. to r.): Test rig with galvanometer and milliammeter; tube tester; color-coded 
wire; headphones; assorted resistors, condensers, capacitors, potentiometers, transformers, knobs, vacuum 
tubes; field-strength meter; assorted voltmeters and ammeters; radiac Geiger counter; radiosonde trans- 


mitter (on breadboard layout). 


pose of achieving better understanding 
of meter principles. 

Surplus materials make another im- 
portant contribution to science educa- 


tion in the area of project activity. 
Properly utilized project activity can 
permit a wide variety of student skills, 
interests, and abilities to flourish. Be- 


Weather and photography equipment (I. to r.): Thermometers (Fahrenheit and Centigrade); scales; 
field-weather station with anenometer and wind-direction indicator; psychrometer; film; paper; photo- 
chemicals; lenses; filters; reflectors; lens paper. (Some of the film cans in background contain surplus 
training prints applicable to secondary school programs.) 
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Science for Work and Play 
Science for Here and Now 
Science Far and Near 

Science in Your Life 

Science in Our World 

Science for Today and Tomorrow 
Science in the Space Age 


Science and Your Future 


NOT SIX—EIGHT! 


That’s right. The Heath elementary science texts 
will soon number eight. On January 1 there 
will be two brand new books for Grades 7 and 
8. The texts for Grades 1-6 will at the same 
time appear in a new edition, extensively re- 
vised. You will be quick to note not only the 
completeness and accuracy of each detail. . . 
the simplicity of materials required for experi- 
ments . . . the great value of the Teacher’s 
Editions . . . but the rare beauty and warmth 
that set these books apart. We hope that you 
will make a note now to see the Heath Science 
Series as soon as you possibly can. It has much 


to offer you. 











cause of the diversity of equipment and 
materials available through surplus, 
these individual differences can be met 
more readily. One student may use the 
magnets of the radar magnetron to de- 
termine magnetic lines of force with 
iron filings; another student may use 
the same magnets to construct a beta- 
ray spectrometer. 


Description of Materials 


The science teacher who is not cog- 
nizant of this program may have diffi- 
culty in envisioning the amount and 
variety of equipment and materials 
available. If he can think of the di- 
versity of equipment required to main- 
tain and equip a modern Army, Navy, 
and Air Force and their related research 
and development programs, he will 
have some conception of the amount, 
for most of these items will appear in 
the surplus program at one time or 
another in quantities from one to sev- 
eral thousand. 

Table II lists some of the subject 
areas of science and examples of com- 
monly available surplus materials being 
used in these subject areas. This table 
is by no means complete, but should 
provide examples of the applicability of 
surplus items in science education. 
Many of the items listed will not be im- 
mediately available in State Surplus 
Property Agency warehouses. Specific 
requests from the educational institu- 
tions, however, will assist the state 
agencies in obtaining the desired equip- 
ment when it becomes available. 


Summary 


The donation program of the Surplus 
Property Utilization Division of the 
U. S. Department of Health, Education, 
and Welfare working through the re- 
gional and state agencies can do much 
to upgrade the teaching of science in 
our public schools. By making avail- 
able a variety and quantity of needed 
equipment and materials, at practically 
no cost to the schools, this program is 
making an important contribution to 
the technical and scientific literacy of 
our youth. In the final analysis, this 
contribution may be more important 
than any other phase of our national 
defense planning. 

Close cooperation and coordination 
between science teachers and _ state 
screening agencies can insure a continu- 
ous flow of these necessary materials 
from a surplus condition in the Depart- 
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Miscellaneous (I. to r.): Prisms and lenses; batteries; 
element; watt-hour meter; hand tools. 


ment of Defense to a useful and pro- 
ductive state in the science departments 
of our schools. 


TABLE | 
Regional Directory 
Division of Surplus Property Utilization 


U.S. Department of Health, Education, 
and Welfare 


REGION 1 


Maine, New Hampshire, Vermont, Connecti- 
cut, Massachusetts, and Rhode Island 


Edward G. Bradley 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

120 Boylston Street 

Boston 16, Massachusetts 

Phone: Hubbard 2-6550 


REGION 2 


Delaware, New York, New Jersey, 
and Pennsylvania 


Stephen L. Simonian 

Regional Representative 

Surplus Property Utilization Divison 

U. S. Department of Health, Education, and 
Welfare 

Room 1200, 42 Broadway 

New York 4, New York 

Phone: Whitehall 3-2424, Ext. 52 


REGION 3 
District of Columbia, Kentucky, Maryland, 
North Carolina, Puerto Rico, Virginia, 
Virgin Islands, and West Virginia 
Dan A. Dollarhide 
Regional Representative 





meters; bulbs; power supplies; rectifiers; heating 


Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

700 East Jefferson Street 

Charlottesville, Virginia 

Phone: 3-518] 


REGION 4 


Alabama, Florida, Georgia, Mississippi, 
South Carolina, and Tennessee 


L. Fred Carson 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

Room 164, 50 Seventh Street, N.E. 

Atlanta 23, Georgia 

Phone: Trinity 6-3311, Ext. 5024 


REGION 5 


Illinois, Indiana, Michigan, Ohio, and 
Wisconsin 


W. D. Musser 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

Room 712, 433 West Van Buren Street 

Chicago 7, Illinois 

Phone: Wabash 2-8550, Ext. 61 or 62 


REGION 6 


Iowa, Missouri, North Dakota, South Dakota, 
Kansas, Minnesota, and Nebraska 


Mel R. Summers 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

Room 2305, 911 Walnut Street 

Kansas City 6, Missouri 

Phone: Baltimore 1-7000, Ext. 8351 
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Creative Teaching Unlimited 


with the AO Spencer Cycloptic Stereoscopic Microscope 





Hunt and select individual protozoan with eye dropper 








See exquisite detail in 3-D 


The AO Spencer CYCLOPTIC Stereoscopic Micro- 
scope exposes the student to three-dimensional micro- 
scopic worlds beyond the scope of their everyday 
experiences. Gross specimens, such as fossils, insects, 
bark, larva, etc., assume new proportions of interest 
when seen in sharp, erect, magnified three-dimen- 
sional detail. 

If at all possible, there should be at least one AO 
CYCLOPTIC in every biology class...set up and 
readily available for use by all students. Invite them 
to bring in their own specimens for study and 3-D 
viewing. The student’s-interest is aroused... he partici- 
pates actively...the learning process is quickened. 


American Oitea 


Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 





Observe teeming infusoria jungle in 3-D 


AO Spencer CYCLOPTIC Stereoscopic Micro- 
scopes are built to withstand hard usage by the most 
active class. Rugged, construction guarantees years of 
service. Special “Permanent” bonding agent assures 
positive prism alignment. Tough baked, epoxy enamel 
finish resists chipping, abrasions and chemical deteri- 
oration. 

The unchallenged superiority of the AO CYCLOP- 
TIC has been time-tested and performance proved... 
thousands are in daily use in education, research and 
industry. 

Colorful 36 page brochure is yours for the asking, 
mail handy coupon below. 


Dept. M95 


Please send SB56 brochure on AO Spencer CYCLOPTIC 


Stereoscopic Microscope. 


Name 











Address. 





City. Zone 








REGION 7 


Arkansas, Louisiana, New Mexico, 
Oklahoma, and Texas 


Sam G. Wynn 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

1114 Commerce Street 

Dallas 2, Texas 

Phone: Riverside 8-5611, Ext. 385 


REGION 8 


Colorado, Idaho, Montana, Utah, 
and Wyoming 


Clayton S. Brown 

Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

Room 551, 621 17th Street 

Denver 2, Colorado 

Phone: Keystone 4-4151, Ext. 237 


REGION 9 


Arizona, California, Nevada, Oregon, 
Washington, Alaska, and Hawaii 


Paul R. Flynn 

Acting Regional Representative 

Surplus Property Utilization Division 

U. S. Department of Health, Education, and 
Welfare 

Civic Center 

447 Federal Office Building 

San Francisco 2, California 

Phone: Klondike 2-2350, Ext. 6653, 6652 


TABLE Il 


Subject Matter Area—Examples of Applica- 
ble Surplus Materials 


Astronomy—tTelescopes (Ordnance and Fire 
control equipment, Bore-sighting devices, 
Range finders, Gun sights, other tele- 
scopes), Binoculars, Sextants, Compasses 
(magnetic and gyroscopic), Pelorus, Sur- 
vey transits, Plumb bobs, Drawing tables, 
Tools, Clocks, Stop watches, Cameras, 
Films, Photochemicals, Photo equipment, 
Lenses, Prisms, Mirrors, Books, Naviga- 
tional texts, Star almanacs, Star finders, 
etc. 

Aviation—Whole plane (prop-type or jet) and 
any or all of its associated parts. 

Biology—Hospital supplies (Dissecting kits, 
Operating room lights, Dental drills, Eye 
charts, ECG equipment, Diathermy ma- 
chines, X-ray units and film, Refrigerators, 
Autoclaves—large and small, Incubation 
ovens, Glassware, First Aid kits and sup- 
plies, Centrifuges, Chemicals), Magnify- 
ing lenses, Books (Medical texts, First 
Aid manuals, etc.), Life rafts, Small boats, 
Shallow-water diving outfits, Pumps and 
Motors, Knapsacks and other field-trip 
containers, Tents, Mosquito netting, Bot- 
tles and Containers for specimens, Large 
Cooking utensils and Baking pans for 
germination, potting, etc. 

Chemistry—Chemicals, Glassware, Bottles, 
Silica gel (dehydrant), Filter paper, Ther- 
mometers, Pressure gauges, Combustion 
ovens, Clocks, Stop watches, Rubber, Glass 
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and Plastic tubing, Fire extinguishers, Ra- 

diac equipment, pH meters, Gas analyzers, 

Soil-test kits, Water purification and distil- 

lation equipment, Pumps and Motors, 

Pyrotechnics, Magifying lenses. 

Geology—Geodetic equipment, Knapsacks, 

Magnets, Magnifying lenses, Maps, Trans- 

its, Plumb bobs, Short-range radio trans- 

ceivers, Photography equipment, Tools. 
Mathematics—Sextants, Transits, Calipers, 

Micrometers, Globes, Graph paper, Audio- 

visual equipment, Books. 
Photography—Cameras (still and motion), 

Projectors, Enlargers, Film paper and 

Photochemicals, Darkroom equipment, 

Lenses, Mirrors, Timers, Filters, Flash 

attachments, Flood lights, Special-pur- 

pose film (X-ray, ultraviolet, infrared), 

Aviation cameras (provide large lenses, 

shutters, iris diaphragm, etc., for demon- 

tration purposes). 
Physics 

1. Measurement—Scales, Balances, 
Weights, Rulers, Calipers, Microme- 
ters, Thermometers, Gauges, Levels, 
Tape measures, Specific gravity speci- 
mens (scrap metal, porcelain, etc.), 
Clocks, Stop watches, Meters (all 
types), Timers, Graph paper. 

2. Mechanics—Spring scales, Pendulum 
plumb bobs, Ceramic rollers, Ball bear- 
ings, Gyroscopes, Piano stools, Rubber, 
Plastic and Glass tubing, Compressors, 
Pumps and Motors, Fans, Balloons, 
Rams, Hydraulic pumps and gauges, 
Valves, Thermometers, Fluid couplings, 
Carburetors, Paint sprayers, Atomizers, 
Altimeters, Barometers, Plumbing fit- 
tings and tools. 

3. Machines—Complete engines (automo- 
tive, aviation, gasoline, diesel, jet), 
Associated engine parts, Tools and Test 
devices, Pulleys, Chain falls, Wire, 
Rope, Thread. 


4. Heat, Sound, and Light—Parabolic re- 
flectors, Lights, Range finders, Lenses, 
Prisms, Mirrors, Filters, Cameras and 
parts, Tank and Submarine periscopes, 
Thermometers, Pyrometers, Ovens, 
Lamp chimneys, Buzzers, Vacuum 
pumps, Meters (all kinds), Lucite and 
Plexiglass, Projectors, Optical instru- 
ments, Lens paper, Piezo-electric crys- 
tals, Recording devices, Lens grinding 
compound, Amplifiers, Speakers, Sonic 
transducers, Sonar equipment, Heli- 
graph equipment, Tools. 

5. Electricity— Meters (all kinds and 
ranges), Wire, Switches, Magnets, 
Electromagnets, Sockets, Fuses and 
Fuse blocks, Receptacles, Plugs, Re- 
sistors (all kinds and ranges), Wheat- 
stone bridges, Motors, Generators, 
Variacs, Power supplies, Batteries (wet 
and dry cell), Metal strips, Bars and 
Rods, Watt-hour meters for demonstra- 
tion, Coils, Transformers, Potentiome- 
ters, Test meters and devices, Special 
testing rigs, Telephones, Panel and 
switchboards, PA systems, Intercom 
systems, Telegraph keys, Telegraph 
sounders, Amplifiers, Transducers. 

6. Electronics—Resistors, Capacitors, 
Electron tubes, Transistors, Crystals, 
Thermistors, Klystrom tubes (all types 
and sizes), Radar transmitters and re- 
ceivers, Radio transmitters and receiv- 
ers, Sonar, Loran, Telemetering equip- 
ment, spares and parts for above equip- 
ment. Test equipment, Meters (all 
kinds), Metal of all types, Electronics 
hardware, Tools, Books, Kits, X ray, 
Sound recording, Degaussing equip- 
ment and parts. 

7. Modern Physics—Radar, Loran, Sonar, 
Infrared communication equipment, 
Telemetering parts and devices, Radac 
equipment, Geiger counters, Scalers, 


Elementary science kit which includes: String; pins; lenses and prisms; thermometers; bulbs; wire; 
switches; fuses; telegraph keys and sounders; headphones; test tubes; balloons; plumb bob; rollers; 
pitchers; tray. 
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@ The MODERN Electrostatic Generator 


| THE CAMBOSCO GENATRON serves not only for classical 
experiments in static electricity, but also for new and dramatic 
demonstrations that are not performable by any other means. It 
exemplifies a modern method of building up the tremendously high 
voltages required for atomic fission, for nuclear research, and for 
radiation therapy. 


Entirely self-exciting, the GENATRON cracks into action at 
the snap of the switch—whose only function is that of starting the 
motor drive. No auxiliary charging method is employed. Hence, 
despite an output measured in hundreds of thousands of volts, no 
hazard is involved, for the operator or for the observers. 





An Output of 250,000 Volts—or More! 


TH= CAMBOSCO GENATRON is designed to deliver, in 
normal operation, a discharge of the order of 250,000 volts. That 
figure, a conservative rating, is based on many trials conducted 
under average conditions. With ideal conditions, a potential differ- GENATRON, WITH MOTOR DRIVE 


i Operates on 110-volt A.C. or 110-volt D.C. 
| ence of 400,000 volts has been achieved. ee ee 
ing Cylinder, Latex Charge-Carrying Belt, Dis- 
charge Ball with Flexible Shaft, Accessory and 
Ground Jacks, Cast Metal Base with built-in 
Motor Drive, Connecting Cord, Plug, Switch, 








Modern Design — Sturdy con- 


struction and 


Unique Features of the 

















ever-dependable performance distin- 
guish the GENATRON from all elec- 
trostatic devices hitherto available for 
demonstration work in Physics. This 
powerful, high-potential source, reflect- 
ing the benefits of extensive experi- 
ence in electrostatic engineering, has 
absolutely nothing but purpose in 
common with the old-fashioned static 
machine! 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of 
the GENATRON which with the ex- 
ception of insulating members, is con- 
structed entirely of metal. 

The only part subject to deteriora- 
tion is the charge-carrying belt, which 
is readily replaceable. 


NO TRANSFER BODIES—In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical 
charges are collected and conveyed 
(from rotating plates to electrodes) 
by a system of “transfer bodies.” Such 
bodies have always taken the form of 
metal brushes, rods, button disks or 
segments—each of which inevitably 
permits leakage of the very charge it 
is intended to carry, and thereby 
sharply limits the maximum output 
voltage. 

It is a distinguishing difference of the 
GENATRON that electrical charges, 
conveyed by a non-metallic material, 
are established directly upon the die- 
charge terminal. The attainable volt- 
age accordingly depends only upon the 
geometry of that terminal and the di- 
electric strength of the medium by 
which it is surrounded. 


CamboscO Genatron 


DISCHARGE 
Cha ulate on, and dis- 
TERMINAL jisrae takes place from, th 


place from, the 


tions may thus be made to accessories located 
at a distance from the GENATRON. 


CHARGE- To the terminal, charges are 
CARRYING conveyed by an endless band 
BELT of pure, live latex—a CamboscO 

development which has none of 
the shoricomings inherent in a belt with an 
overlap joint. 


ee High voltage demonstrations 


often require a ‘spark gap 
whose width can be varied without immobilizing 
either of the operator’s hands. 
That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
le shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance (over 
a range) from the discharge ter- 
min 


BASE...AND Stability is assured by the 
DRIVING ~ ~aoagy nag metal base— 
where }4) ets are pro- 
MECHANISM § vided for the flexible shaft 
which carries the discharge ball, and for the 
lucite cylinder which supports, and insulates, 
the discharge terminal. 
flat, top surface of the base (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of tron » and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL 

The overall height of the 
DIMENSIONS GENATRON is 81 in. Diam- 
eters of Discharge Ball and Terminal are 
respectively, 3 in. and 10 in. The base 
measures 5% x 7 x 14 in. 











CAMBOSCO SCIENTIFIC COMPANY 


37 ANTWERP ST. * BRIGHTON STATION * BOSTON, MASS. 








and Operating Instructions. 


No. 61-705 $98.75 











GENATRON, WITH SPEED CONTROL 

Includes (in addition to equipment item- 
ized under No. 61-705) built-in Bheostat, 
for demonstrations requiring less than maxi- 
mum output. 


No. 61-708 








No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708 $3.00 
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Timers, Clocks, Stop watches, and 
spares and parts for above. Digital and 
analog computing systems, parts and 
spares. 


Weather — Meteorological equipment, Bal- 


loons, Radiosonde equipment, Anemome- 
ters, Psychrometers, Weather vanes, Port- 
able weather stations, parts and spares. 
Oceanographic equipment, Thermometers, 
Rain gauges, Plotting boards and equip- 


‘ment, Charts, Maps, Books. 
Miscellaneous—Foot lockers, filing cabinets, 


storage cabinets, spare parts, boxes and 
trays, mobile tables and carts, drafting 
tables and equipment, paper, graph paper, 
tools, nuts, bolts, screws, nails, connectors, 
plastic, plexiglass, paint, ink, trays, pans, 
crockery, film, models, mock-ups, and 
other training aids. 


Elementary Science—This kit of useful ma- 


terials for each classroom or school can 
be put together from commonly available 
surplus equipment. (Twenty-three such 
kits were prepared for one school system 
at a cost of $3.40 each—estimated open- 
market cost—$75.) Box (spare parts 
box, projector box, component), Lens— 
Magnifying (Broken projectors, Cameras, 
Telescopic sights, Bore-sighting equipment, 
spare kits), Lens—Ultraviolet (Welding 
goggles or shields, spare parts), Lens— 
Bifocal (Optical equipment spares), 
Prisms—Porro, Equilateral, Tank (Broken 
binoculars, Tank periscopes, Bore-sighting 
equipment, Range-finder equipment, and 
spare part kits for above), Mirror—Life- 
raft rescue reflectors, Optical equipment 
spares, Magnets—Radar equipment and 
spares, Generators, Motors, Compass— 
Life-raft equipment, Small-boat equipment, 
spares, Telegraph keys—Radio equipment 
and spares, Telegraph sounders—Army 
field station equipment and _= spares, 
Headsets—Radio, Communication equip- 
ment and spares, Rubber-coated wire— 
bulk supplies and spares, Magnet wire— 
bulk supplies and repair kits, Nicrome 
wire—bulk supplies and heating-device 
repair kits, Switches (all types)—bulk 
supplies, repair kits, spares, Receptacles— 
Bayonet base, Screw base (all sizes), re- 
pair kit, Lamps (all sizes and voltages), 
repair kits and spares, Electric circuit 
parts—Plugs, Receptacles, Cube taps, etc., 
Fuses and fuse blocks (repair kits and 
spares), Lamp chimneys—field-lamp re- 
pair kits, Thermometers (many ranges), 
repair kits and spares, Meters—Volt DC 
0-50, DC 0-10, AC 0-200, Amps. DC 0-100 
ma, DC 0-500 ma, Watt-hour (Repair 
kits and spare-part kits for various com- 
munication equipment; can also be re- 
covered from broken communication 
equipment), Meters—miscellaneous, Re- 
sistors, capacitors, Crystal diodes, Electron 
tubes pertinent to the construction of 
“crystal radios,” Clocks and Stop watches 
(spares and_ returned-to-stock items), 
Glassware—Bottles, Beakers, Test tubes, 
Graduates, Petri dishes, etc. (Hospital 
supplies and spares), Tools—Claw ham- 
mer, Screw drivers (philips and slotted), 
Pliers, Side cutters, Wrenches (adjustable, 
open-end), Ice pick, Screen wire (for 
cages), Sandpaper, Screws, Nails, Nuts and 
Bolts (spare parts and repair kits). 
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Van Nostrand Science Texts— 


The Standard of Excellence 





PHYSICS and CHEMISTRY 
A Unified Approach 


by Hoce, BicKeL, and LITTLE 


Bringing into print what may well be the most significant new 
advance in high school science teaching, this two-volume text effec- 
tively integrates physics and chemistry. Extensively tested over a 
period of several years, the two-year combined course takes ad- 
vantage of the underlying unity of these two sciences, leading students 
to a far more thorough knowledge and understanding of physics and 
chemistry than they could obtain from the conventional separate 
courses. 

Book One—September, 1960 

Book Two—Spring, 1961 





PHYSICS — An Exact Science 


by Dr. Harvey E. WHITE 


Wherever physics teachers gather, the conversation is likely to re- 
volve around Dr. Harvey E. White’s newest book, Physics—An Exact 
Science. The reason is simple: the text and its accompanying book 
of laboratory exercises exemplify textbook writing and book preduc- 
tion at their finest. Dr. White, the inspiring teacher of “Continental 
Classroom”, presents a challenging course for high school students. 
Examine the text and see for yourself why your colleagues across the 
country have made it the center of attention. 





BIOLOGY — 4 Basic Science 


by Heiss and Lape 


For clear, timely chapters on the special problems posed by space 
travel and nuclear radiation, be sure to see the 1961 edition of this 
valuable general biology text. These new chapters further emphasize 
the text’s fresh outlook. Using the problem approach, the authors 
teach the basic facts, concepts, and principles of biology as a dynamic 
and vital force in our daily lives. More than 400 meaningful 
illustrations (nearly half of them in color) enliven the text, and a 
new pronouncing glossary helps your students master and review 
new terms. 








D. Van Nostrand Company, Ine. 


120 Alexander Street Princeton, New Jersey 
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Sy CLIMATARIUM 


T-3152 
An environmental control cabinet for plant and animal study 


Provides new learning 
experiences in photosynthesis, 
photoperiodism, and other 
processes of nature 


Harness the growing processes of Nature right in your own classroom with 
the Sheldon Climatarium. Your students create controlled climate for plants 
and small animal life as easily as setting a clock-radio or tuning a television 
set. The Sheldon Climatarium, solidly constructed of 18-gauge stainless 
steel with sliding plate glass doors, has all necessary controls for automatic 
or manual regulation of heat and light. Once established, growth patterns 
can be continued without interruption and under precise control after class 
hours—overnight and throughout week-ends—regardless of changes in 
room temperature. Write for illustrated brochure. 

E. H. SHELDON EQUIPMENT COMPANY, MUSKEGON, MICHIGAN 


Keeps nature on the job - working overtime - performing to your schedule 


“EDUCATIONALLY CORRECT” in design and construction... . 


with all necessary control over critical factors of environment 


| CRYSTAL GLASS TOP. ENDS, AND 
BACK 

For filtering out ultra-violet rays. 

Top easily removed for servicing 

lamps. 





1. AUTOMATIC CONTROLS 
Heat and light are controlled by 
timer or thermostat. Safety door. 


8. EXPANDED METAL STAINLESS 
STEEL SHELF 
Adjustable for varying light in- 
tensity, etc. 


7. LIGHTPROOF VENTILATING BAF- 
FLES AND GRILLES 
Ventilate Climatarium whether 
cover is on or off. 





6. PLATE GLASS SLIDING DOORS 
14" thick, with ground finger 

cent tubes, and 3 screw sockets, —- oeecanias ax om 

each with switch, for incandes- T-3152 trol of ventilation. 

cent, infra-red, or other type 

lamps. 


2. LIGHT ASSEMBLY 
Includes 2 “cool white’ fluores- 





4. LIGHTPROOF COVER 5. 2 SOIL TRAYS 
Heavy fabric. Zippered roll-up Approximately 14144” x 1514” x 
front flap provides access to or 314”. May be removed so entire 
observation of experiments during bottom may be used as soil tray 
light periods. or water container. 


3. HEATING ELEMENT 
For use in soil or water in bottom 
tray (also see photo at right). 





ENRICH YOUR SCIENCE TEACHING WITH A SHELDON CLIMATARIUM 


Everyone knows how things grow—or do they? lem—is reserving the Climatarium for only the 
The truth is that we are just learning how various most important and meaningful projects of the 
major life processes in plants and other growing dozens that students will suggest. 


things are accomplished. Measuring 36” long x 24” high and 18” front 


to back, the Sheldon Climatarium mounts on a 


table or counter in any part of the room con- 
of exceptional versatility, with unusual appeal for venient to an electrical outlet. All the handicaps 
students in Biology and allied fields. Light, heat, in using the old-fashioned window box are over- 
and other factors affecting plant growth can be come. The Climatarium is available for use re- 
tested and observed under controlled conditions. gardless of changing weather. It is completely 
Cultures and small animal life thrive in this ideal accessible. It does not require constant attend- 


environment. ance. Conditions within it remain under control 


The Sheldon Climatarium provides an exciting 
teaching-learning challenge. It is a teaching aid 


With the teacher guiding student interest, the after school, over week-ends, during vacation. 

uses of the Sheldon Climatarium are practically It is constantly teaching—it is never idle—for it 

unlimited. Keeping it occupied is no problem. keeps Nature on the job continuously, working 

Rather, the problem—if it can be called a prob- out of season, overtime, and on schedule. 
Write for further information . . . or ask your Sheldon Representative 


E.H. [/ EQUIPMENT COMPANY 
yf iff MUSKEGON, MICHIGAN 





























Inquiry Training in the Elementary School 


By J. RICHARD SUCHMAN 


Director, Studies in Inquiry Training, University of Illinois, Urbana, Illinois 


KILLS of scientific inquiry are be- 
ing taught to elementary school 
children at the University of Illinois 
through the use of motion pictures and 
verbal “experimentation.” For the past 
three years, a research project known 
as the Illinois Studies in Inquiry Train- 
ing! has been experimenting with the 
teaching of strategies and tactics of 
scientific inquiry to children who learn 
to apply them in question-and-answer 
investigations. Short films of physics 
demonstrations pose problems of cause 
and effect. The children learn to attack 
these problems with questions by 
which they gather data and perform 
imaginety experiments. The teacher 
provides the answers to the questions. 
A portion of a typical session would 
go something like this: (The children 
have been shown a film of the “Ball 
and Ring” demonstration. )? 

PuPiL: Were the ball and ring at room 

temperature to begin with? 
_ TEACHER: Yes. 

PupiL: And the ball would go through the 
ring at first? 

TEACHER: Yes. 

PupiL: After the ball was held over the 
fire it did not go through the ring, 
right? 

TEACHER: Yes. 

PuPiL: If the ring had been heated instead 
of the ball, would the results have 
been the same? 

TEACHER: No. 

PupiL: If both had been heated would the 
ball have gone through then? 

TEACHER: That all depends. 

PupiL: If they had both been heated to the 





1 This project is supported by a grant from the 
U.S. Office of Education, Department of Health, 
Education, and Welfare and by The Research Board 
of the University of Illinois. 

2A brass ball just fits through a brass ring. 
The ball is then heated and placed on the opening 
of the ring which is held in a horizontal position. 
It does not slip through at once but is held in place 
by the ring. After some time has passed the ball 
drops through. 
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same temperature would the bail have 
gone through? 

TEACHER: Yes. 

PuPiL: Would the ball be the same size 
after it was heated as it was before? 

TEACHER: No. 

PupiL: Could the same experiment have 
been done if the ball and ring were 
made out of some other metal? 

TEACHER: Yes. 

Such questioning continues for about 
thirty minutes as the children gather 
data, identify variables and determine 
their relevancy to the problem, and 
formulate hypotheses of cause and ef- 
fect which they test experimentally. No 
data are given that the children do not 
obtain through observation or from the 
teacher’s “yes” or “no” answers to 
their highly structured questions. 

To these children and others who 
are inquiring into the causes of physi- 
cal phenomena, science is the discovery 
of new ‘relationships. Children some- 
times discover by accident; and some- 
times “discovery” is carefully con- 
trived by a skillful teacher. Whichever 
way it occurs, children are typically 
thrilled by the sudden new insights, and 
the learning that results has deep roots. 
But if we are going to teach the child 
how to discover meaningful patterns 
independently and consistently in a 
highly complex environment, we must 
teach him how to probe aggressively, 
systematically, and objectively, and how 
to reason productively with the ob- 
tained data. In other words, we must 
teach him the skills of inquiry. 


Objectives 
Inquiry training is designed to sup- 
plement the ordinary science classroom 
activities. It gives the child a plan of 


operation that will help him to discover 
causal factors of physical change 


through his own initiative and control, 
and not to depend on the explanations 
and interpretations of teachers or other 
knowledgeable adults. He learns to 
formulate hypotheses, to test them 
through a verbal form of controlled ex- 
perimentation, and to interpret the re- 
sults. In a nutshell, the program is 
aimed at making pupils more inde- 
pendent, systematic, empirical, and in- 
ductive in their approach to problems 
of science. 


The Strategy of Inquiry 


The children are given a general 
three-stage plan to guide them in their 
investigations and help them develop a 
logical, systematic approach. Each 
stage has its own goal and a set of tac- 
tics helpful in attaining it. 


Stage I. Episode Analysis. 


Goal: The identification, verification, 
and measurement of the parameters of 
the problem. 

In order to perform the operations 
of this stage, the child must learn to 
use a set of categories to describe and 
analyze each episode. Taken together, 
these categories form a logical system 
in which each element has an estab- 
lished relationship to the others. The 
episode-analysis categories are as fol- 
lows: 


1. Objects: Objects are the easiest 
elements for the children to recog- 
nize. Familiar objects that are 
clearly visible pose no problems. 
The chief difficulty is identifying 
all the objects, whether or not they 
are visible, familiar, or seemingly 
unimportant. Included in this cate- 
gory are systems, two or more ob- 
jects combined to form a func- 
tional unit. As such they have 
certain properties that the objects 
do not possess separately. Water is 
an object; a beaker is an object. A 
beaker of water may be regarded 
as a system. 

Properties: Properties relate to both 
objects and systems. A property of 
an object is its predisposition to be- 
have a certain way under a given 
set of conditions. Properties may 
be identified through experimenta- 
tion. By placing an object under 
varying conditions and observing 
the resulting changes, a person can 
determine as many of its properties 
as he may desire. The identification 
of objects by their properties is 
generally more useful than identi- 
fication by name. 
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3. Conditions: Conditions pertain to 
the state of objects or systems. 
While the identity of an object re- 
mains constant, its conditions may 
change. Conditions are identified 
by observation or measurement. 

4. Events: Events are defined as 
changes in the conditions of ob- 
jects or systems. If an object 
moves, evaporates, expands, or 
merely gets hotter, an event has 
taken place. Events are the con- 
sequences of changing the condi- 
tions of objects or systems. The 
type or amount of change that is 
necessary to produce a given event 
is a function of the properties of 
the objects and systems involved. 

Using a question-asking strategy to 
obtain the kinds of information defined 
by this system of descriptive categories, 
the child can collect and organize data 
which provide grist for the mill of in- 
ductive investigations. 

Episode analysis involves a number 
of tactical operations. Careful obser- 
vation must be supplemented by instru- 
mentation and measurement. Many 
parameters or condition changes are 
not directly observable, yet may be 
critical factors in the causation of an 
event. If the child confines his attention 
to those variables which are striking or 
obvious, he is bound to overlook many 
highly significant dimensions. A thor- 
ough and orderly assessment of the 
objects, conditions, and events of an 
episode increases the probability of 
gathering all of the significant data. 

One problem is that people tend to 
perceive new events and situations as 
total patterns (Gestalts) unless they 
have a specific set to analyze and a 
system of categories on which to base 
an analysis. Total perceptions may be 
superficial and misleading, causing 
children to make false analogies to 
similar total patterns. It is typical, for 
example, for children to conclude that 
a bimetallic strip is melting when it is 
held in a horizontal position over a 
flame so that it bends downward. The 
total pattern of this episode is identi- 
cal to others in which a heated object 
melts. Yet a careful analysis would re- 
veal the fact that the melting point of 
the metals is never even approached 
when the bending occurs. 


Stage II. Determination of Relevance. 


Goal: The identification of the condi- 
tions that are necessary and sufficient 
to produce the events of the episode. 

Not all the parameters identified in 
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MODEL E-200C 
Multi-Band 
Signal-Marking Generator 
Net Price: $99.95 








Sweep Signal Generator 
Net Price: $175.00 








MODEL ES-550B 
High-Sensitivity Wide- 
Band 5” Oscilloscope 

Net Price: $249.95 








MODEL 120 
Lab-Type VOM 
with Mirrored-Scale 
Net Price: $44.95 








MODEL 98 
Lab-Type VTVM 
with 7” Meter 
Net Price: $129.95 








MODEL E-420 
Dot and Bar Generator 
Net Price: $159.95 








MODEL E-440 
Color Bar Generator 
Net Price: $239.95 











MODEL 10-60 
Electronamic® 
Tube & Transistor Tester 
Net Price: $215.00 
ee RO 


GOOD TOOLS 
COMPLEMENT 


That’s why PRECISION 
Test Instruments 
and Kits 
are preferred by 


electronics instructors at 
every curriculum level! 


The nation’s schools have learned, over the past 
quarter-century, that they can depend upon 
PRECISION equipment for quality, flexibility and 
durability. Whether it’s a single instrument, or a 
complete test bench...you can rely on 
PRECISION for outstanding value, highest engi- 
neering standards and maximum protection 
against obsolescence. Of course, all PRECISION 
test equipment carries a full year guarantee. 


Serer ee 


THE [PA\(C\o) VTVM CLASSROOM DEMONSTRATOR 


designed by ELECTRONICS INSTRUCTORS for ELECTRONICS INSTRUCTORS 
Manufactured by PACO (the Kit Division of PRECISION 
Apparatus Company, Inc.) this giant-size Classroom Dem- 
onstrator features rotating Ohms-Adjust knob, Zero-Adjust 
knob and a true-to-life moving Meter Pointer. Rugged, proc- 


essed in 5 colors, this invaluable teaching ai:! 's complete 
with chain for wall or blackboard mounting. Net Price: $15 


(PA\(C}O) ELECTRONICS INSTRUMENT KITS 


The only complete line of electronic equipment in kit form 
produced by a leading manufacturer of electronic test 
equipment. PRECISION's reputation for excellence in 
electronics is your assurance of PACO superior perform- 
ance and value. Ideal for student term projects, each PACO 
Kit is supplied with specially-prepared step-by-step 
assembly operating manual and giant-size wiring diagrams. 





PRECISION Apparatus Company, Inc., 70-31 84th Street, Glendale 27, L. I., New York 


Please send me the following: 
O Latest free catalog of the entire Precision 


Test Instruments line 


NAAE and TITLE 


GOOD TEACHING! 








SCHOOL 





0 Free detailed fact sheet on the PACO VIVM 


Classroom Demonstrator 


ADDRESS. 





OC Latest free catalog of PACO Kits 


0 Free 10 page article by Paul B. Zbar — 


School Shop Facilities 


(0 VTVM Classroom Demonstrator(s) at $15 ppd. 


CITY. ZONE STATE 





My Electronic Parts Distributor is. 





! enclose check [} money order [) 
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One of the most forceful terms in education’s lexi- 
con, the word concentration is also the secret of 
manufacturing success. Just as we concentrate on 
the production of top quality laboratory glassware 
at the lowest cost possible, we make it possible for 


you to concentrate on saving a substantial part of 


your lab supply budget for other needed materials. 
if you are now using Diamond D laboratory glass- 
ware, you are getting the best value for every 
dollar spent. If you aren’t .. . then it’s time to 
concentrate on the problem. 


DOERR GLASS COMPANY 


Vineland, New Jersey 





Stage I are critical. Often many can be 
changed without altering the events of 
the episode. The process of deter- 
mining criticalness is accomplished 
through experimentation. Various con- 
ditions and objects are changed, one at 
a time, through a series of controlled 
verbal experiments. The effects of 
these changes on the events of the 
episode are noted. Obviously, only 
when critical conditions are changed, 
will events change. Thus, experimen- 
tally, the child can determine the rele- 
vant variables. This is strictly an em- 
pirical solution to the problem of 
causation. It brings the child halfway 
to the ultimate goal of understanding 
the causation of events. More complete 
comprehension includes the recogni- 
tion of the events as necessary conse- 
quences of universal principles that 
make a certain set of conditions neces- 
sary and sufficient. Stage III is devoted 
to the search for these principles. 


Stage III. Eduction of Relations. 


Goal: The formulation and testing 
of theoretical constructs or rules that 
express the relationships among the 
variables of the observed physical 
event. 

During this phase, experimentation 
is still the principal tool of inquiry, but 
each experiment is designed as a criti- 
cal test of some hypothetical construct. 
Obviously, the scope of operations 
must extend well beyond the domain 
of the original event. This stage de- 
mands a higher degree of conceptual 
sophistication, flexibility, and imagi- 
nation than the others. The problem of 
designing an unequivocal test for an 
hypothesis can be as taxing as formu- 
lating the hypothesis itself. The child 
sees his objective as the discovery of 
rules that express the relationship be- 
tween variables. He learns that the 
value of any rule he constructs is a 
function of (1) its validity within a 
specified realm of applicability and (2) 
the scope of this realm. 


The Method of Inquiry Training 


During the past three years the in- 
quiry-training program has evolved in- 
to a somewhat structured pedagogical 
procedure. At the fifth-grade level, ten 
seems to be the optimum group size. 
With classes of thirty or more, the re- 
maining children serve as nonpartici- 
pating observers who have an impor- 
tant evaluative role. Rotation permits 
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all children to participate in turn. The 
training sessions are about one hour 
long and thus far have been held at 
weekly intervals, although we now be- 
lieve that more frequent intervals and 
shorter sessions would be desirable. 
Practice, corrective feedback, and 
exposition are incorporated into each 
training session. While they are gener- 
ally applied in a regular sequence, a 
degree of flexibility in their use is main- 
tained. A typical training session is 
organized in the following way. 


Presenting the Problem 


A silent motion picture of a physics 
demonstration provides the problem 
episode. Typical of the demonstrations 
used is the “Collapsing Varnish Can.”* 
As any teacher of science knows, 
children who do not have well-devel- 
oped, operative concepts of atmos- 
pheric pressure and condensation are 
exceedingly perplexed by this demon- 
stration. In producing the current 
series of stimulus films—40 demon- 
strations in all—we tried to capitalize 
on this perplexity to provide an in- 
trinsic motivation for inquiry. Our 
technique is predicated on the belief 
that the drive to “find out why” can 
surpass in sustained motivational 
power almost any other classroom in- 
centive. 

In addition to their motivational 
function, the films pose cause-and- 
effect problems in very specific terms. 
They make available some parameters 
and suggest areas where important ad- 
ditional parameters might be sampled. 
In short, the films provide a portion of 
empirical experience which the child 
must then relate to his conceptual sys- 
tems. To the extent that these sys- 
tems are not sufficiently developed to 
accommodate the experience, he must 
expand and strengthen them through 
inquiry until he is capable of explaining 
the episode. 


The Practice Session 


Immediately upon seeing the film, 
the children begin the inquiry process. 
All probes are verbal, originate from 
the children, and must be so phrased as 
to be answerable by “yes” or “no.” 
Keeping the inquiry at the verbal level 
permits the teacher and the rest of the 





8 The condensation of water vapor inside a corked 
varnish can reduces the inzide pressure and permits 
the can to be crushed by the atmospheric pressure. 


group to keep track of most of the in- 
formation the children are obtaining. 
The questions must originate from the 
children because the selection and de- 
sign of questions are as much a part of 
inquiry as the interpretation one makes 
of the answers. The questions must be 
answerable by “yes” or “no” because 
in this way only can the child be dis- 
couraged from transferring control of 
the process to the teacher. “Yes” or 
“no” questions are hypotheses. The 
teacher in answering merely establishes 
the tenability of the hypothesis. If the 
children were permitted to ask, “Why 
did the can collapse?” the responsibility 
for selecting the kind of information to 
be supplied next would be on the 
shoulders of the teacher. The children 
would thus be relinquishing their roles 
as inquirers by returning to the tradi- 
tional dependent role of obedient listen- 
ers and memorizers. This would in- 
hibit the occurrence of inquiry behavior. 

The children have two types of ques- 
tions available to them as information- 
gathering tools. In identifying parame- 
ters in Stage I they may simply ask 
questions of verification. Since the film 
provides stimuli that are one step re- 
moved from firsthand experience, the 
children have recourse to verification 
questions to confirm or test their 
hunches as to the identity of objects and 
their conditions at any given time dur- 
ing the episode. They may also need to 
check the specifics of the observed 
events, e.g., what happened when. As 
indicated previously, adequate verifica- 
tion and identification of parameters is 
an essential first step. 

The second type of probe is the ex- 
perimental question. The child states a 
set of conditions and postulates a re- 
sulting event. The question is answered 
by the teacher in terms of whether the 
postulated event will or will not be the 
result. If the conditions of the experi- 
ment are not complete or clear enough 
to permit the teacher to give an un- 
equivocal answer, he may say, “That 
all depends” or “Tell me more.” 
Either of these answers tells the child 
that his experiment has not been suf- 
ficiently controlled. Presumably every 
experimental question is a test or part 
of a test of an unstated hypothesis. If 
the child suspects that the cork in the 
varnish can was a necessary condition 
for the collapse of the can, he might 
ask, “If the cork had not been placed 
in the mouth of the can before the can 
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was cooled, would the same result have 
occurred?” The teacher’s answer of 
“no” supports the hypothesis that the 
corking of the can is a necessary con- 
dition and tends also to lend support to 
an hypothesis that the can must be kept 
airtight while it is being cooled. But 
the child must make these inferences 
himself from the empirical data he ob- 
tains. He cannot test his hypotheses 
directly, even if such questions are 
phrased as “yes”-“no” questions. If the 
child had asked, “Does the cork have 
anything to do with the collapsing of the 
can?” the teacher does not answer the 
question. Such a query tends to tap the 
teacher’s understanding of the relation- 
ships involved. The child is asking the 
teacher to make certain inferences for 
him and in so doing is relinquishing 
some of his own responsibility in the 
inquiry process. Such questions are fre- 
quently asked by children, even after 
they have been trained for several 
months. The standard response by the 
teacher is, “What could you do to find 
that out for yourself?” This retort, 
without the slightest note of admoni- 
tion, puts the responsibility right back 
where it belongs. 


The Critique 


Generally the inquiry session is ter- 
minated by either the achievement of 
the objectives, the inability of the 
children to proceed without further 
conceptual development, or the expira- 
tion of time. The latter is usually the 
case. Following the inquiry session is 
the “critique,” a period in which the 
strategy and tactics of the group are 
reviewed and evaluated by the teacher, 
the nonparticipating members of the 
class, and the members of the partici- 
pating group itself. It has been our 
practice to tape record each inquiry ses- 
sion and utilize the tapes as a point of 
departure. But we now feel that this 
is not entirely necessary, particularly if 
the critique immediately follows the in- 
quiry session. Immediate “feedback” 
has long been recognized by psycholo- 
gists as an important condition for ef- 
fective reinforcement. Some comments 
and suggestions by the teacher are best 
made during the course of the inquiry 
session itself. If this practice is followed 
to excess, however, the children may be 
distracted too often from the physics 
problem at hand. This may impair their 
efficiency in this work. 

The principal function of the critique 
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is to correct weaknesses in the inquiry 
of the children and to build up a rep- 
ertoire of tactics that will increase their 
accuracy and productivity. At times, 
the critique becomes something like a 
lecture-discussion in which the teacher 
may be trying to help the group con- 
ceptualize the general design of in- 
quiry strategy. Sometimes special re- 
cordings of model inquiry sessions are 
played. These provide clear examples 
of the strategies and tactics that the 
teacher wants the children to utilize. 

The critique is indispensable; when 
it is eliminated morale slips and inquiry 
becomes progressively worse. 


Conclusions 


Preliminary analysis of the results of 
three pilot studies suggests the follow- 
ing conclusions about inquiry training. 

The inquiry skills of fifth-grade chil- 
dren can be improved over a fifteen- 
week period as a result of the methods 
described herein. Most of the children 
who receive training become more pro- 
ductive in their design and use of veri- 
fication and experimentation. They de- 
velop a fairly consistent strategy which 
they can transfer to new problem situa- 
tions. They make fewer untested as- 
sumptions; they formulate and test 
more hypotheses; and they perform 
more controlled vs. uncontrolled experi- 
ments in the course of their inquiry. 

The children have little apparent de- 
sire to improve their inquiry skills per 
se. The chief motivating force is the 
desire to comprehend the causation of 
the observed episodes. An explanation 
by the teacher might satisfy this desire, 
but in the absence of such explanations 
the children accept inquiry as a means 
to their goal. Whenever inquiry is not 
directly related to the satisfaction of 
their need to “find out why,” they show 
little interest in the strategies and tactics 
being discussed. Thus methods for con- 
stant improvement are desirable. 

Our final conclusion for the present 
is that inquiry skills cannot be success- 
fully taught to this age group as an iso- 
lated content area. The major focus in 
elementary science education should re- 
main the content rather than the meth- 
ods of science. Inquiry training and 
abundant opportunities to attain new 
concepts through inquiry, however, 
seem to produce increments in the un- 
derstanding of content as well as an im- 
portant new grasp of the scientific 
method and proficiency in its use. 
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backed by vast McGraw-Hill educational research facilities. Yet, every filmstrip is so related to 
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WHAT GOES ON HERE? 





Bell Telephone Laboratories’ new electronic 
“nerve cell” is a step toward finding out 


One fascinating area of communications has long re- 
sisted exploration — what happens inside the nervous system 
when you see, or when you hear. 


This area is of special interest to telephone science; 
knowledge of how the nervous system handles sound and 
picture signals can help determine what information is 
essential to perception. This in turn may lead to more 
efficient communication instruments and systems. 


To probe the mystery of nerve activity, Bell Telephone 
Laboratories scientists have developed an electronic model 
of a living nerve cell or neuron. Consisting of transistors, 
resistors, capacitors and diodes, the “artificial neuron” 
exhibits many of the characteristics of a living neuron; for 
instance, “all-or-none” response and fatigue. 





Network of neurons is assembled by L. D. 
Harmon of Bell Laboratories, the initiator of 
this new research. Many kinds of assemblies 
are possible. 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 





In one experiment at Bell Laboratories, a network of 
artificial neurons is subjected to a stimulus from light 
through a set of photocells. The network can distinguish 
specific patterns of light and dark, thus duplicating roughly 
some of the eye’s basic reactions to light. Similar studies 
are underway to explore our hearing processes. 


At present, too little is known about neural action to 
permit exact electronic duplication. But experiments with 
artificial neurons can provide suggestive clues, contributing 
to a stimulating interplay between electronics and neuro- 
physiology which may help workers in both disciplines. 


The human nervous system, including the brain, is the 
most efficient and versatile data processing system known: 
and data processing is an essential part of communications. 
The artificial neuron provides a new approach to investi- 
gating and understanding basic nerve network functions. 
It is a fresh example of how Bell Telephone Laboratories 
constantly explores new frontiers to improve America’s 
communications system, now and in the years ahead. 





A single artificial neuron. It delivers electri- 
cal impulses when stimulated, like a living 
cell. Neurons are also being used for research 
into hearing. 





Biology 


The Quantitative Approach in 
Teaching Biology 


By ADDISON E. LEE 


Director, Science Education Center, The University of Texas, Austin, Texas 


[OLOGY has long been considered 
as a purely descriptive science. 
Observations followed by descriptions 
constituted the early research contribu- 
tions in the field. These contributions 
have been and will continue to be im- 
portant in teaching biology and the his- 
tory of biology. It will continue to be 
important, also, to give students an op- 
portunity to make observations and to 
describe them accurately. 

It should also be recognized, how- 
ever, that modern biology is quantita- 
tive. It attempts to answer the question 
“Why” as well as the question “What” 
and in order to do this, one must often 
ask “How much?” Many of the major 
breakthroughs in modern biological 
research have become possible only 
after quantitative techniques were ap- 
plied in experiments involving basic 
questions. These quantitative techniques 
are the same ones employed in chem- 
istry and physics, but they are now used 
to answer biological questions. For ex- 
ample, the question of whether the 
oxygen evolved in photosynthesis came 
from the carbon dioxide or the water 
could not be answered until oxygen of 
two different weights, O'8 and O'%, 
was incorporated into water and carbon 
dioxide. These compound substances 
were then fed separately to photosynthe- 
sizing plants, and the oxygen evolved 
was weighed. It was then determined 
that the O. came from the water. The 
answer to this apparently simple ques- 
tion had been a puzzle to scientists for 
a very long time, but when it was finally 
answered in the early 1940's, a break- 
through of new discoveries on the 
mechanism of photosynthesis was made 
possible. 

The basic issue in this discussion, 
however, is to consider the implications 
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of the quantitative nature of modern 
biology for the high school biology 
teacher. The teacher can teach about 
quantitative biology and the history of 
some of the significant research contri- 
butions, such as the one described 
above. But the biology teacher today 
can indeed go much further than that. 
He can provide opportunities for stu- 
dents to make actual measurements, to 
interpret them, and to ask questions 
and find the answers to them. To find 
the answer, it may be necessary to make 
both observations and measurements. 
In short, this is the experimental ap- 
proach which may be the touch needed 
to provide both information and inter- 
est for high school biology classes. 

Specific examples of the quantitative 
approach follow. These examples vary 
in complexity, and thus illustrate the 
fact that the study of quantitative bi- 
ology is not limited to advanced or very 
bright students, but can be adjusted to 
different ability levels. Advanced exer- 
cises for the bright students, however, 
should not be overlooked. 


1. How to Interpret What You See in 
the Microscope. 


A. The microscope is an instrument 
which permits us to see a world of 


Rebuilding the Science Program ° : ° 


things — living and nonliving — too 
small to be seen with the unaided eye. 
Because of the small size, we employ 
measurements to describe these tiny 
things not commonly used to describe 
objects in our everyday visible world. 
All of you know how long one inch is, 
but biologists describe things in terms 
of millimeters, microns, and millimi- 
crons. One micron is equal to .001 mm 
or 1/25,000 inch; 1000 microns equal 
1 mm; 25,000 microns equal 1 inch. 
Using this information, complete the 
table below, converting each measure- 
ment to millimeters, millimicrons, and 
inches. 

B. You can take measurements with 
your microscope. There are special 
discs with finely etched scales which 
can be placed in the eyepiece and used 
for accurate measuring. Rough estima- 
tions of sizes, however, can be obtained 
by a much simpler technique. Obtain 
a bright field—the circular view under 
the microscope—and slide a_ thin, 
plastic millimeter ruler about halfway 
across the field. You can then focus on 
the millimeter markings and determine 
the diameter of the field under both 
low and high power. Record the results. 


Diameter of the Microscopic Field 


Low Power____-__. High Power 


Using this information, determine 
measurements of several materials 
studied under the microscope—for ex- 
ample, the tiny plants and animals you 
may see in a drop of pond water on a 
slide. Record your results. 

C. It is alsc important to be able to 
put together in your mind the appear- 
ance of a whole object if sections are 
seen in a transverse, or cross-section 





Approximate Diameter 








Cells ae 
Millimeters Microns | Millimicrons | Inches 
Ostrich egg 80,000 
Parenchyma cells from fruit 1000 
Amoeba 100 
Liver cell 20 
Meristem cell from onion root 17 
Red blood cell eae 
Prodigiosus bacillus 0.7 
Typhus fever rickettsia 0.5 
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view and in a longitudinal, or long- 
section view. 


Suppose a box had a cross-section 
view like this: 





2cm 











2cm 


And a long-section view like this: 





4cm 











2cm 


Make a three-dimensional drawing 
of such a box in the space below. 


Remember, when you are observing 
materials on slides already prepared, 
you need to find out whether you are 
observing a whole mount, a cross-sec- 
tion Slice, or a long-section slice before 
you reach any conclusions concerning 
the material you are observing. You 
should also find out whether the mate- 
rial has been stained in its preparation. 
Stains are very useful in the preparation 
of material to enable some parts to be 
seen better, as well as to test for some 
materials. You should recognize, how- 
ever, that in such cases the color is arti- 
ficial and may not be the true color of 
the untreated material. 


2. How to Read Quantitative Data. 


A. Data obtained on daily measure- 
ment of the total growth of a root tip 
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were plotted to give the following 
graph: 

100r 
90 
80 
70 
60 
50 
40 
30 
20 


TOTAL GROWTH IN LENGTH (mm) 


10 








TIME IN DAYS 


Draw on the above graph the approxi- 
mate curve which would be produced if 
daily increments of growth were 
plotted. 


B. The following curves illustrate 
the amount of growth in length of roots 
given experimental treatments com- 
pared to a control grown under a 
standard set of conditions. 
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Write an interpretation of these results. 

C. The data given below are the 
heights in inches and the weights in 
pounds of a group of men. 


Weight Height 
147 67 
149 68 
153 70 
151 69 
155 72 
154 71 


Which one(s) of the following graphs 
represent the data plotted correctly? 
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ewton had his falling apple 


‘In scientific achievement, chance sometimes plays a role but the teaching of science always 


requires predictable results . . . reliable tools . . . stimulating aids. Clay-Adams educational 
materials leave little to chance. 

Clay-Adams offers a large selection of science equipment — for laboratory and classroom — 
including many items for your equipment programs under Title III of the National Defense 
Education Act. The Clay-Adams line is the result of more than 40 years’ experience in the per- 
fection of scientific teaching material. Each of its products—there are more than 1000—bears 
the stamp of authenticity and durability. Those for use in In Scr Teach; 

the secondary school are detailed in the Clay-Adams “Buyer’s goo ae fo = 
Guide for Science Teaching,” already mailed to all science Learning and Doing 
departments. Check the Guide — to facilitate your purchases Ch 

under Title III. Use it — to order quality materials designed ay Ah 

to provoke greater student experience, expanded laboratory 7IQQINS 
experimentation — for gratifying science instruction. 
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3. Drawing Conclusions from Quanti- 
tative Data. 


A scientist determined the amount of 
carbon dioxide released by a variety of 
fresh vegetables when kept at a constant 
temperature of 30° C from the second 
to the twenty-sixth hour after harvest- 
ing time. 

From the weight of carbon dioxide 
released, it is first possible to calculate 
the amount of carbon lost and then the 
amount of glucose lost. The results 
are given in table below. 


Evaluate the proposed interpreta- 
tions listed by number below according 
to the following key: 


A. A sound conclusion based on this 
experiment and this experiment 
only. 

B. Goes beyond the data given, but is 
probably true on the basis of other 
facts you know. 


C. Goes beyond the data given, but is 
probably untrue on the basis of 
other facts you know. 

D. Goes beyond the data given, and 
you cannot decide whether it is 
probably true or untrue. 


E. Contradicted by the data given. 
1. Protoplasm in the cells of tomatoes 


remains alive after the tomatoes are 
picked. 


Nm 


The rate of respiration in some 
fresh vegetables kept at 30° C is 
greater during the second twenty- 
four hours after harvesting than 
during the first twenty-four hours. 


3. Asparagus contains a higher per 
cent of water than carrots. 


4. Vegetables containing a high per 
cent of dry matter consistently re- 
spire more rapidly than those con- 
taining a low per cent of dry matter. 


5. Glucose contains material—chemi- 
cal elements—other than carbon. 


6. The rate of respiration vf 2 fresh 
vegetables in the experiment is in- 
fluenced by factors other than the 
per cent of dry matter present. 


7. These vegetables lose less glucose 
when held in storage at 3° C than 
when held at 35° C. 


8. These vegetables decrease in value 
as human food when held at 30° 
for twenty-four hours after picking. 


These are but a few examples serving 
only to introduce and illustrate the 
quantitative approach which should 
permeate the entire biology course— 
classroom discussion, laboratory activi- 
ties, and individual study. This was the 
primary approach of the National 
Academy of Sciences-National Re- 
search Council Committee Writing 
Conference, which produced the 
Sourcebook of Laboratory and Field 
Studies for Secondary School Biology, 
now being published through Holt, Rine- 
hart and Winston, Inc. Many other 
examples using the quantitative ap- 
proach are given in this book. The 
quantitative approach also characterizes 
much of the program now being de- 
veloped by the Biological Sciences Cur- 
riculum Study of the American Insti- 
tute of Biological Sciences. But what is 
more important, the quantitative ap- 
proach characterizes modern research 
in biology. If modern research has any 
implications—as indeed it must—for 
our developing curriculum, we must be 
prepared to use this approach. 

The modern biology teacher and his 
students must be able to make measure- 
ments, read measurements, interpret 
them, and draw sound conclusions from 
them. These are the essential ingredi- 
ents of the experimental approach 
which pushes back the frontiers of our 
knowledge and leaves us with real and 
important contributions. 











Weight of Weight of Weight of 

Dry co, Carbon Glucose 
Matter Evolved* Lost* Lost* 

Per Cent Grams Grams Grams 

Asparagus 8.3 20.066 5.473 13.682 
Lettuce 6.2 9.424 2.570 6.425 
Carrot 13.9 4.659 1.271 3.178 
Tomato 6.1 3.920 1.069 2.672 
Red pimento 9.4 1.897 516 1.290 





* Per 100 grams of dry matter. 
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First, notice that it is one-piece—no danger- 
ous forcing of inner tubes through rubber 
stoppers, no leaking. Second, that it is made 
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ware is made from No. 7740 glass, which 
has a lower coefficient of expansion. 

This means you get a built-in ability to 
take student abuse. 

The points of tubulation are heavily re- 
inforced for the same reason and with the 
same result. 

The adapter end has a heavy bead to 
resist chipping and cracking. The tip is fire 
polished to ward off snagging. 

Time is your friend when you use PYREX 
brand ware, and time is a big factor in cost. 
Those extra months, and even years, you 
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Chemistry 


Opportunity in Junior High Science 


By HARRY CRESSMAN 


Science Teacher, Hicksville Public Schools, Hicksville, New York 


N conversing with young people both 
in science classes and outside of 
science classes, a strong feeling persists 
with me that many pupils are ready for 
meaningful experiences in science far 
sooner than we may have been accus- 
tomed to suppose or to demonstrate in 
practice. Further, I am convinced that 
they are desirous and capable of more 
intense knowledge and greater depth of 
understanding of the natural laws which 
control their environment. 

This conclusion undoubtedly is not 
peculiar to me, but rather is or has been 
an experience of many people, both 
teachers and nonteachers. What may 
make this strong opinion unique with 
me is that for the past two and one-half 
years, I have been in a position to de- 
termine whether or not there is any 
validity to the fact that pupils in junior 
high school are capable of doing more. 

In September 1957, a pilot science 
program was organized in the public 
school system of Hicksville, New York, 
to determine what these meaningful 
science experiences might be; to select 
those scientific concepts which pupils at 
various grade levels could follow; and 
to demonstrate those natural laws 
which could be learned without the 
experience of frustration and failure in 
exploring new ideas. At the same time 
developing and/or strengthening desir- 
able attitudes toward science is a part 
of the program. In short, we were in- 
terested in trying to determine as objec- 
tively as possible and in a real teaching 
situation what can be taught, to what 
grade level it can be taught, and to what 
depth we should try to teach it. 

The first phase of the program for a 
general chemistry course began with se- 
lected groups of fourth- and seventh- 
grade pupils. A serious and sincere at- 
tempt was made to select those pupils 
whom we thought could profit most 
from this experience. Consequently, we 
used all the available information and 
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what we felt was the most pertinent 
data about the children in making the 
selections. The criteria used were the 
intelligence quotient, reading and arith- 
metic ability, past scholastic record, 
teacher comments, parental consent, 
and finally and most important, the 
pupil’s interest and willingness to par- 
ticipate in the program. 

At the elementary school level, the 
plan was to start with a group of fourth- 
grade pupils and continue with them 
through the fifth and sixth grades. This 
group completed their phase of the pro- 
gram in June 1960. 

At the junior high school level, the 
plan was to start with a group of 
seventh-grade pupils and continue with 
them through the eighth grade. This 
group of junior high school pupils 
completed their program in June 1959. 


Rebuilding the Science Program : . . 


The following information pertains to 








them. 
TABLE | 
Number of Pupils Boys Girls Totals ad 
in Program 
At Beginning of 
Seventh Grade 42 27 69 
At Beginning of 
Eighth Grade 28 18 46 
At End of 
Eighth Grade 28 18 46 





The number of pupils who began the 
program in the seventh grade repre- 
sented 7.2 per cent of the total seventh 
grade. The number of pupils who com- 
pleted the program at the end of their 
eighth grade represented 7.1 per cent 
of the total eighth grade. Due to a de- 
crease in the eighth-grade enrollment 
the percentage remained about the 
same. 

The drop-outs are accounted for in 
the following manner: 


1. Eight pupils dropped out of the 
program within the first month of 
the program in the seventh grade 
because of conflict of interest and 
scheduling of this fifth major sub- 
ject. 


TABLE Il 
Abilities of Selected Students 

































































o ; Boys Girls 
General Ability of Pupils 
Selected for P | | 
elected for Program | Median Q, Q, | Median\ Q, Q, 
Quit Program| 122 120 | 128 | 115 | 414 | 127 
Intelligence 
tient 
— Completed 129 122 136 122 119 131 
Quit Program 1.9 17 y 2.2 2.0 ao 
Vocabu- ah baht 
oo lary | 
% | Completed | 24 | 18 | 35 | 22 14 | 25 
As] | 
3 
: Quit Program| 24 | 20 | 30 1.8 1.8 3.0 
Compre- 
hension | | 
| Completed 2.3 2.3 3.0 a3 1.8 3.0 
it P ‘ | , ‘ ‘ : 
Astiilitiae | Quit Program | 9 1.8 1.1 as 1.4 
Reasonin | 
© | Completed | 18 1.6 2.5 1.4 7 1.9 
| Quit P | on 
ee Quit Program | 90 | 92 | 90 90 93 
Average | | 
Completed | 92 1 | 93 | 93 | 93 94 
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2. Seven pupils moved from the dis- 

trict. 

3. Four pupils dropped out because 

of loss of interest in the program. 

4. Four pupils dropped out because 

they found themselves in a pro- 
gram beyond their abilities. 

Incidentally, since this subject con- 
stituted a fifth major subject for these 
pupils and was not needed to complete 
their junior high school program of 
studies, they were permitted to drop the 
chemistry at any time and for any 
reason. Significantly enough, in spite 
of this freedom to remain a part of the 
study, only eight pupils chose to drop 
out and this was done during the first 
year of the two-year program. All who 
started the more difficult second year of 
the program persisted to the end. 

The figures used in connection with 
the vocabulary, comprehension, and 
arithmetic reasoning were determined 
at the end of the sixth grade and refer 
to the number of years above actual 
grade placement in these areas. 

Intelligence quotients were obtained 
from scores on the California Mental 
Maturity Test. Reading and arithmetic 
achievements’ were determined from 





























TABLE Ill 
Test Groups Number , | 
Form | Compared of Pupils | Median Q; Qs 25-2, page 
| Eighth / 44/ | 93/ 93, |96/ | 13 , 
| /Group A /523_ | /50 /25 /15 750 o— 
N | Eighth/ 44/ 88 / 76 / 95/ | 19/ 43.99 
/Group B /3265 | /50 /25 /75 /50 ; 
| Eighth / 44/ | 89/ 78 / 94 / 16/ — 
/Group E /7164  /S50 fis. | fis /50 
| Eighth / }44/ | 927 | 87/ 95/ | 8 
| /Group A /590 /50 fae | of Yep _ 
| = — 
Eighth / 44/ | 85/ 73/ =| 91/ | 18 / 35-99 
1959 /Group B /3597 | /50 /25 | /15 | /50 
| Eighth / 44/  |86/ °175/ | 927 | 17/ » 
| /GroupE | /8202| /s0 | 25 | As a ee 








scores on the California Reading and 
Arithmetic Achievement Tests. 

The body of scientific knowledge 
classified as general chemistry was 
chosen as the content for the program, 
both at the intermediate and junior high 
school levels. During the seventh grade 
of the two-year program, pupils were 
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can be most easily demonstrated with 
this scientifically constructed, classroom 
tested model. A basic astronomy course 
in itself. Among the basic concepts 
that can be readily observed on this 
model ‘are: 


The earth’s true path in relation 
to the sun 
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Coordinates on the celestial 
sphere 


Vernal and autumnal equinoxes 
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between the earth and sun at the be- 
ginning of each of the four seasons. 
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guide included. 
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instructed in that science content which 
we thought gave them the necessary 
background and attitude toward the 
proposed course content of the eighth 
grade. During their eighth grade, these 
pupils were then exposed to a general 
chemistry course as outlined in the 
Chemistry Syllabus of the Bureau of 
Secondary Curriculum Development of 
the New York State Education De- 
partment. 

While engaged in the chemistry 
course during their eighth-grade studies, 
pupils were subjected to the same rules 
and regulations as any senior high 
school pupils who were taking chem- 
istry for New York State Regents credit. 
They attended a chemistry class once a 
day for fifty minutes, five days per 
week, and a one-hour laboratory period 
once a week after school hours. More- 
over, this laboratory period was con- 
ducted in the chemistry laboratory of 
the senior high school, several blocks 
away from the junior high school. Here, 
these pupils used the same facilities, 
equipment, and materials as the senior 
high school chemistry pupils. During 
their eighth grade, the pupils in the pro- 
gram spent the same amount of time in 
recitation and laboratory as the senior 
high school pupils. They used a recog- 
nized senior high school chemistry text- 
book and laboratory manual-workbook 
combination. Incidentally, all of this 
was in addition to their normal junior 
high school program of four major and 
several minor subjects. 


At the completion of the program, 
results were evaluated in terms of the 
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TABLE IV 
Test | Groups | | 
es: r | 7 a 
Form Compared — 2, Q; | 252, Range Row 
| PIEhUUNY State | ihe | we | we | “Po | le 
June | dee 
959 | | 
a Eighth / | 75/ 64 / 90/ | 26/ | 499 B 
/NY State | /65 /@ /84 | /44 | © 





American Chemical Society Chemistry 
Examination and the New York State 
Regents Chemistry Examination. 


Results on the American Chemical 
Society Examination 


In June 1959, forty-four pupils took 
the American Chemical Society exami- 
nation, Form N and Form 1959, ac- 
cording to instructions accompanying 
these tests. 

Table III contains a comparison of 
the performance of the eighth-grade 
pupils with Groups A, B, and E of the 
Test Norms on the American Chemical 
Society Examination, Form N and 
Form 1959. (Percentile ranks com- 
pared. ) 

Incidentally, part of the group took 
Form N first; the remainder took Form 
1959. All pupils took both forms of the 
test. The coefficient of correlation be- 
tween the eighth-grade scores on Form 
N and Form 1959 was .95. 

Group A consists mainly of juniors, 
with a few sophomores and seniors, 
who have had zero to two semesters of 
mathematics prior to taking the test. 
The nation-wide returns cover public 
and private schools. 

Group B consists of juniors only 
having four to six semesters of mathe- 
matics but no physics prior to taking 
the chemistry course. Again nation- 
wide returns cover both public and pri- 
vate schools. 

Group E consists of a random 
sample from the total nation-wide re- 
turns on the American Chemical So- 
ciety Test, public and private schools. 


Results on the New York State Regents 
Chemistry Examination 


On June 17, 1959, forty-four pupils, 
along with the senior high school chem- 
istry pupils, took the New York State 
Regents Chemistry Examination. They 
wrote their examinations according to 
the same rules and regulations. Their 
papers were scored, and, along with the 
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senior high school chemistry papers, 
were sent to the New York State Edu- 
cation Department in Albany to be re- 
checked. The marks remained as origi- 
nally recorded with the exception of 
three papers. On these papers the score 
was increased by a point in one case 
and lowered by one and two points, 
respectively, in the other two cases. 

Table IV contains a comparison of 
the performance of the eighth-grade 
pupils with the pupils throughout the 
State of New York who took this New 
York State Regents Chemistry Test on 
June 17, 1959. (Test scores compared 
in Row A. Percentile ranks compared 
in Row B.) 

Circled scores indicate the lowest 
passing test score and percentile rank. 
Coefficients of correlation between the 
eighth-grade scores on the American 
Chemical Society Test (Group B), 
Form N and Form 1959, respectively, 
and the New York State Regents Chem- 
istry Test were .77 and .72. 

On the basis of these two tests, one 
which permitted us to compare the 


eighth-grade group with chemistry 
pupils across the country and the other 
which permitted us to compare these 
same pupils with chemistry pupils 
across the State of New York, half of 
the eighth-grade pupils did better than 
85 per cent of the students who took 
the Form 1959 American Chemical So- 
ciety Test and better than 75 per cent 
of the students who took the June 1959 
New York State Regents Chemistry 
Test. Thirty-nine of these pupils quali- 
fied for New York State Regents credit 
in chemistry. 

Finally, if interest and self-motiva- 
tion as evidenced by participation in 
class and laboratory work are criteria 
for determining readiness for a subject, 
then these pupils were definitely ready. 
If performance on nationally recog- 
nized examinations in chemistry is a 
sufficient and acceptable indication of a 
pupil’s capabilities in the subject, the 
scores achieved on these tests by almost 
the entire group proved that a signifi- 
cant number of eighth-grade pupils are 
ready and able to pursue the study of 
chemistry to a much greater depth and 
a much broader scope than is or can be 
done in a general science class. More- 
over, eighth-grade pupils can perform 
on a level with senior high school pupils 
in current courses of study in senior 
high school chemistry. Why not give 
these pupils the opportunity, at every 
level, to go faster and farther in a 
science program worthy of their 
interests and abilities? 
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Science Reporter 








Certification of Elementary 
School Teachers 


By HAROLD E. TANNENBAUM 


Professor of Science Education, State University College of Education, New Paltz, New York 


INCE the summer of 1959, people 
all over the country have been 
hearing about the “New Horizons 
Project of the National Commission on 
Teacher Education and Professional 
Standards (TEPS).” This reporter, 
very much concerned with the prepara- 
tion of elementary school teachers, 
went to the TEPS conference in San 
Diego in June 1960 as one of the NSTA 
representatives. 

People representing various educa- 
tional institutions were present. Kin- 
dergarten teachers and chemistry pro- 
fessors worked side by side with col- 
lege deans and high school English 
teachers. This was made possible be- 
cause of the co-operation of nine large 
influential professional associations and 
more than sixty affiliated groups— 
. all those concerned with teacher edu- 
cation. Just as had happened at the 
two previous co-operative meetings 
(the conferences held at Bowling 
Green, Ohio in 1958 and at Lawrence, 
Kansas in 1959), the sessions proved 
to be stimulating and productive. For 
example, the New York Times of July 
24, 1960, reported the following: 


All persons who serve in an educa- 
tional capacity in a school or institu- 
tion of higher learning—whether pub- 
lic, private, or parochial—should hold 
a state license or certificate . . . 

The project also proposed a six-year 
preparatory program for future teach- 
ers. This would include five years of 
college preparation emphasizing the 
liberal arts, subject specialization, and 
study of educational practice and 
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theory, and a half year of internship 
under the institution’s supervision. 

After this, the prospective teacher 
would be required to demonstrate his 
competence on the job during a one- 
year probationary period. 


But we are interested in what was 
proposed with regard to the require- 
ments for the education of elementary 
school teachers generally, and in what 
was recommended for their special edu- 
cation in the area of science. Spe- 
cifically, nothing! Yet underlying all 
the discussions and implicit in every 
statement were suggestions for a new 
kind of education for all of America’s 
teachers—with an insistent note that 
the elementary school teachers should 
be as well prepared as the college or 
high school instructors. 

Just before the San Diego meeting, 
the AAAS* Co-operative Committee 
on the Teaching of Science and Mathe- 
matics recommended the adoption of 
certain certification standards for the 
high school science teachers. (Science, 
April 8, 1960.) While the recommen- 
dations varied with the subject area, 
they can be summarized by noting that 
the AAAS Committee advocated that 
approximately sixty hours of science 
and supporting areas be studied by the 
prospective teacher during his four- 
year undergraduate course, and that an 
additional thirty hours of science and 
supporting areas be taken during a fifth 
year of study. 


*American Association for the Advancement of 
Science. 


And on June 17, John Mayor, Di- 
rector of Education for the AAAS, 
writing the editorial for Science, 
stated: 


Subsequently, in the four-day San 
Diego conference of the National Com- 
mission on Teacher Education and 
Professional Standards . . . scientists 
and educators again will work together 
in planning improved teacher-certifi- 
cation programs. 


So we have some things brewing for the 
secondary school teachers. But no 
such specific recommendations have 
yet been made for the elementary 
school teachers, at least not by the 
large national organizations. 

On the other hand, many people at 
San Diego presented ideas which de- 
serve attention. In analyzing the dis- 
cussions, we find that people were 
recommending a five-year program of 
studies for all elementary school teach- 
ers with a breakdown about as follows: 


Liberal studies 
Humanities 
Social Sciences 
Natural Sciences 

Professional Education....30 semester hours 
Child Growth and 

Development 
Curriculum (including 
the teaching of 
science and 
mathematics ) 
Philosophy of 
Education 
Evaluation and 
Measurement 
Internship . 


110 semester hours 


. 15 semester hours 


It is certainly a formidable proposal. 
Imagine every elementary school 
teacher with thirty or forty hours work 
of college science and mathematics be- 
fore he starts to teach, and in addition 
to this firm background in the liberal 
studies, a solid background in profes- 
sional studies. 

But these quantitative aspects of the 
proposal were the least of the matters 
perhaps under consideration. Everyone 
who spoke on the subject stressed that 
simply counting semester hours of 
credit was no way to measure the prep- 
aration of any teacher, especially an 
elementary school teacher. The quality 
of the courses needed for the prepara- 
tion of a teacher was the subject of con- 
tinual consideration. The most succinct 
and most general statement on quality 
was that all of the courses, both liberal 
studies and professional education, 
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which any student takes must be worthy 
of his college education. Someone put 
it this way: “Every liberal arts course, 
well taught, becomes a part of the pro- 
fessional education of the prospective 
teacher. And, conversely, every profes- 
sional course, well taught, becomes 
part of the liberal education of that 
same young teacher.” 

What seems to be coming then is a 
complete revision of the curricula of 
American teacher education programs. 
Each young teacher will need to study 
much more before he is certified as a 
teacher. Elementary school teachers 
will come into the profession with a 
sound and a broad background in the 
various sciences and in mathematics, 
and his college courses will be better 
taught. The fact is that the elementary 
school teacher of the future is likely to 
have a broader background in science 
than do many of our present high 
school science teachers, due to the 
“New Horizons Project.” 





NSTA\. 
CALENDAR 


As a regular feature of The Science Teacher, the 
calendar will list meetings or events of interest to 
science teachers which are national or regional 
in scope. Send your dates to TST’s calendar editor 
as early as possible. 


November 6-12, 1960: American Education 
Week. Theme: Strengthen Schools for the 
60’s 

November 24-26, 1960: 60th Convention, 
Central Association of Science and 
Mathematics Teachers,  Statler-Hilton 
Hotel, Detroit, Michigan 


December 26-30, 1960: NSTA Annual Win- 
ter Meeting in conjunction with 127th 
meeting of the American Association for 
the Advancement of Science, the Roose- 
velt Hotel, New York City 


February 1-4, 1961: Annual Meeting, 


American Association of Physics Teach- 
ers, Hotel New Yorker, New York City 


February 22-25, 1961: 34th Annual Meet- 
ing, National Association for Research in 
Science Teaching, Pick-Congress Hotel, 
Chicago, Illinois 

March 24-29, 1961: NSTA Ninth Annual 
National Convention, Hotel Sherman, 
Chicago, Illinois 
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Lab coats in distinc- ‘ie oe 


/F tive styles, expert tail- 
oring. Top quality 
materials. Made espec- 
ially for lab use. 
Choice of five colors. 


Fine quality aprons at 
low group prices. 
Choice of sizes and 
materials to fit your 
needs at the price you 


es want to pay. 


Send for complete information, including material 
samples and prices, today. 


Subsidiary of the J. M. Nash Co., Inc 
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Life-Size « 
Authentic « Low-Cost 


PLASTIC 
TEACHING 
AID 


This faithfully reproduced plastic 
skeleton has true bone color, texture and 
appearance. Fully articulated, with 

soft, vinyl plastic intervertebral discs. 
Muscle origins in red and insertions 

in blue painted and labeled on one side 
for easy reference. 

Invaluable as teaching aid. 


Reproduction is complete in every 

detail, thoroughly checked by major 
anatomists. Models can be handled 

freely — unbreakable in normal use. 
Should any part get broken or lost, 

repair or replacement is available at low 
cost. May be marked on with ink or 
crayon, and easily erased with soap and 
water. Never become greasy or offensive. 
Used extensively by leading schools 
and universities throughout America. 


Write for complete catalog of MPL ana- 
tomical models, including skulls, skeletons, 
heart and parts. Priced from $18 up. 


Request your model 
through Title III of National 
Defense Education Act 


$9 9500 
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Reliable study aids in biology, physics, and chemistry 
especially selected for high school use 


COLLEGE OUTLINE SERIES 


General Biology 


by G. Alexander. A full summary of information about plant and 
animal life. 7th ed. 253 pages. $1.50 


Atlas of Human Anatomy 


104 accurate illus. including 49 famous 8-color Frohse-Brédel wall 
charts in miniature. Text by S. Smith, edited by Ashley Montagu. 
Includes a complete up-to-date digest of facts about body structure 
and organs. 5th rev. and enl. ed. 180 pages. $2.95 


Food and You 


by E. S. Nasset. Up-to-date information and common-sense advice 
about nutrition, vitamins, diet, and the selection, digestion, and 
absorption of foods. 2nd ed. 176 pages. $1.25 


General Botany 
by H. J. Fuller. A complete survey of plant life. Illus. 4th ed. 


196 pages. $1.25 
Zoology 

by G. Alexander. A complete survey of the animal kingdom. 4th ed. 

_ 290 pages. $1.75 
Physics 


by C. E. Bennett. A digest of the first college course, with review 
questions, problems, and answers. 5th ed. 208 pages. $1.25 


Physics without Mathematics 


by C. E. Bennett. A nontechnical summary of principles, with review 
questions, examinations, and answers. 200 pages. $1.25 


Physics Problems and How to Solve Them 


by C. E, Bennett. The principles of first-year college physics, with 
107 fully solved problems and 372 problems to solve—all with 
answers. 240 pages. $1.50 


First-Year College Chemistry 


by J. R. Lewis. An up-to-date survey, with examinations and answers. 
7th ed. 365 pages. $1.75 


Chemistry Problems and How to Solve Them 


by P. R. Frey. A guide to mathematics for general chemistry, with 
1054 problems, including 180 completely solved examples and 874 
problems with answers. 5th ed. 228 pages. $1.50 





Each COLLEGE OUTLINE SERIES volume is carefully pre- 
pared and checked by specialists in the subject field. Accurate, 
concise, comprehensive, they are particularly helpful to ad- 
vanced high school students who want the best possible prepara- 
tion for their college courses and entrance exams—are ideal for 
review, lead bright students on to independent study by refer- 
ring them to authoritative sources for additional information. 
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Physics 
Determining the Value of ‘“g”’ 
By PHILLIP CROSBY, Northeastern 


University, Boston, Massachusetts, and 
WENDELL F. BENNETT, Natick High 
School, Natick, Massachusetts 


Perhaps no table or book value is 
taken for granted as much in high 
school and college physics as the accel- 
eration of gravity. A search of high 
school laboratory manuals and high 
school and college physics textbooks 
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reveals an almost complete indifference 
to any interest that a student or physics 
teacher might have in the laboratory 
determination of “g.” High school 
laboratory manuals mention the value 
for the acceleration of gravity under 
the experiment on the pendulum, while 
textbooks only define “g,” and do not 
attempt to explain how its value is 
obtained. 

Although the value for “g” may be 
obtained in the pendulum experiment 
as a by-product of that experiment, 
most physics teachers will go no 
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Author Crosby, with student standing on table, 
prepares to experiment. 


649? 


further in determining “g” experi- 
mentally. In college or secondary 
schools with sufficient budgets, how- 
ever, an Atwood machine may be avail- 
able. This instrument is expensive but 
does produce a satisfactory result for 
determining “g.” 

Other methods for determining “g” 
which utilize less expensive equipment 
have been suggested by the Physical 
Science Study Committee in connection 
with their rejuvenated high school 
physics program. In the least expen- 
sive of the two recommended methods 
magnetic tape falls between the poles 
of an electromagnet. Although this 
method produces very satisfactory re- 
sults for “g,” it involves the use of a 
tape “developer” before results may be 
determined, a cumbersome and time- 
consuming method. 

The second method is more inter- 
esting, more immediate, but also more 
expensive. With a stroboscope, a timer, 
and a Land camera, the finished picture 
of a falling body may be obtained in a 
matter of minutes and with very good 
results. The room must be darkened, 
however, to use the camera. 

The simplest method that we have 
been able to find in the literature in- 
vestigated employs an electromagnet, 
a steel ball, and a turntable run by a 
synchronous motor, geared down so 
that the table makes one revolution per 
second.” Although this apparatus ap- 


1“A Symposium: The Physical Science Study 
Committee.”” Harvard Educational Review, 29:1-36. 
Winter 1959. 

2 Harvey E. White, with the assistance of Eugene 
F. Peckman. Laboratory Exercises for Physics. 
D. Van Nostrand Company, Inc., Princeton, New 
Jersey. 1959. p. 11. 
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FIGURE 2. 


pears to have considerable merit, it 
still does not satisfy the desire for an 
uncomplicated, but accurate, measur- 
ing device. 


An Electromagnetic Free-Fall 
Apparatus 


Simple, inexpensive apparatus is a 
necessity for the high school physics 
laboratory. With this thought in mind 
the authors devised a free-fall appa- 
ratus which satisfies both requirements. 
The materials needed are indicated in 
Figure 1. The electromagnet measured 
about 1.5 cm internal diameter; the 
steel ball measured slightly less. 

The key to the apparatus is the cir- 
cuit breaker and slider. Details of the 
circuit breaker are shown on the inset 
in Figure 1. Details of the slider and 
other components of the breaker are 
indicated under the construction pat- 
terns for the breaker parts, Figure 2A, 
B, C, and D. All parts of the breaker 
apparatus were made out of sheet iron. 

The initial circuit breaker was ex- 
tremely simple, but produced a high 
error in our results—two per cent. It 
was a friction-catch idea, based on the 
same principle as a cupboard door 
catch. Because the length of fall is very 
short, the delay caused by friction pro- 
duces a relatively high error. 

Another source of error was found in 
the switch. Initially, a homemade 
switch was used with fairly satisfactory 
results, but a microswitch taken from 
some discarded war-surplus equipment 
was substituted for an improvement. 

A control box was made to reduce 
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cumbersome wiring and to facilitate 
rapid assembly of the apparatus. Bind- 
ing posts, appropriately marked, were 
provided for the corresponding lead 
wires, also marked. The wiring diagram 
for the control box is shown in Figure 3. 


Operation of Apparatus 


To operate the apparatus, connec- 
tions are made as indicated in Figure 1. 
The slider is set at the desired height on 
the meter stick so that the breaker plate 
C barely makes contact with, and is 
supported by, the flap B on slider A. 
The timer is turned on and set at zero; 
switch S on the control box is closed 
activating the electromagnet (coil); 
and the ball is placed inside the core of 
the coil where it is supported by the 
magnetic field of the coil. 

As soon as the steel ball is in place, 
the microswitch is closed thus breaking 
the circuit through the coil, causing the 
ball to fall, and starting the electric 
timer. The ball striking the breaker 
plate C breaks the circuit through the 
timer and stops it. The time of fall is 
then read directly from the timer, the 
height of fall from the meter sticks. The 
value for the acceleration of gravity can 
be calculated from the observed read- 
ings. Typical results are indicated in 
Table I. 











TABLE | 
Distance Time 2 Per Cent 
(cm) (sec) (cm/sec?) Error* 
10 0.144 966.0 1.56 
30 0.245 1000.0 1.96 
50 0.316 1000.0 1.96 
70 0.379 976.0 0.44 
90 0.431 970.0 1.04 
110 0.476 975.0 0.54 
130 0.517 975.0 0.54 
150 0.555 978.0 0.24 
170 0.590 977.0 0.34 
190 0.622 981.9 0.155 
* Using ‘“g’’ for Cambridge, Mass. as 980.4 
cm/sec?. 


Increasing Accuracy of Apparatus 


When setting up the apparatus, it is 
essential that it is plumb, enabling the 
steel ball to strike the breaker arm. A 
homemade plumb can be made with a 
string and weight, or a carpenter’s level 
may be used, if one is available. 

The breaker should be adjusted so 
that the breaker plate C does not have 
more than one mm projecting under the 
slider flap B, and the ball can hit the 
breaker plate near the flap, but not on 


it. This increases the lever action and 
speed of breaking the circuit. 

Care should be taken in determining 
the height of the fall, making certain 
that measurements are made from the 
bottom of the ball, when it is being 
supported by the magnetic field of the 
energized coil, to the slider flap B. For 
short heights this becomes critical. 
Greater heights reduce the inherent ex- 
perimental error, however, and the 
“sucking coil” height of the ball be- 
comes less critical. Although it is cum- 
bersome to set up and align, students 
are interested in finding out what re- 
sults they can get if the ball falls from 
the ceiling to the breaker. A trial ex- 
periment resulted in the following: 


Distance of fall 300.0 cm 

Time of fall -782 sec 

Value of “g” 981.6 cm/sec? 

Error 0.12 per cent 
Summary 


All physics students are well ac- 
quainted with the value for the accel- 
eration of gravity, but few, either in 
high school or college, can explain how 
this important value is obtained ex- 
perimentally. The apparent lack of con- 
sideration given to experimental deriva- 
tion in high school and college texts, 
and in high school laboratory manuals, 
stems from the fact that no simple ap- 
paratus is generally available to use for 
the determination. This paper is an at- 
tempt to satisfy that need. It is hoped 
that other physics teachers may find the 
apparatus described herein simple, in- 
expensive, and accurate. 
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— "Westa MICROSCOPES are designed and 
priced to provide the greatest number of 
quality instruments for a given budget! 








For High School and College 


Testa ‘‘Model K’’ Microscopes have many special features usually 
found only on much more expensive research instruments. 12x 
Huygenian eyepiece. Color-coded parfocal objectives. Extremely 
precise fine focus. Helical rack and pinion. 
Automatic adjustable safety stop. Large pro- 
fessional 90° tilting stand with bumper toes 
to protect stage and objectives. 


MODEL K-21. Double revolving nosepiece. 
10x and 45x parfocal color-coded objectives. 
120x to 700x magnification. 6-aperture dia- 


phragm disc. $9450 


MODEL K-34. Triple revolving nosepiece. 10x, 
18x, and 45x parfocal color-coded objectives. 
120x to 700x magnification. Includes illuminator, 


condenser, and iris diaphragm. $1 1 600 




















For Elementary and Junior High School 


Start their interest in Science early 
.. with the TESTA S-3 


This sturdy, full-size instrument is ideal 
for beginners, It is equipped with the © 
basic components of standard compound 
microscopes. 10x Huygenian eyepiece. 
75x to 250x magnification. 
Double divisible color-coded 
objectives. 
































FOR NATURE STUDY 


Study live insects and 
whole specimens with 


WIDE-FIELD MODEL A 
No slides to prepare! 


... with this rugged, full- 
size microscope, Fea- 
tures large working dis- 
tance and 15x, 45x, and 


75x magnification. Un- $3985 TESTA G-4... 
usual versatility. 360° ideal for 
inclinable arm. Kellner- elementary 


type eyepiece. Triple di- 
visible objective. Large 
reversible black and 
white stage. 


biology 


Standard-size com- 
pound microscope 
provides variable 
$5485 magnification from 100x to 400x. Makes teaching 
easier... students learn faster. Triple divisible color- 
coded objectives. 6-aperture diaphragm 
disc. 12x Huygenian eyepiece. 
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Saturday Science. Scientists of Westinghouse 
Research Laboratories. Edited by Andrew 
Bluemle. 334p. $5.95. E. P. Dutton and 
Company, Inc., 300 Fourth Ave., New 
York 10, N. Y. 1960. 


Occasionally a book combines science sub- 
ject matter of importance and interest with 
a style which makes it readable and difficult 
to put aside. Such a book is Saturday 
Science, an outgrowth of the science pro- 
gram presented on Saturdays by the scien- 
tists of Westinghouse Research Laboratories 
for high school students of the Pittsburgh 
area. Science teachers who read the book 
will wish their classes could have been in 
Pittsburgh on these Saturday mornings. 

The reader will be reminded of Atoms in 
Action by G. R. Harrison and of articles 
in the Scientific American, but comparisons 
do not tell the story. Although the chapters 
cover different areas of science, they form 
an.integrated story and take one to the edge 
of the unknown. Each scientist is introduced 
by the editor in a personal manner, and then 
the scientist-author discusses the background 
of his work, what has been accomplished, 
and the direction of new research in his 
field. 

The book is divided into two parts: 
“Principles” and “Techniques.” The “Prin- 
ciples” section concerns those daily obser- 
vations by humans that have become, or are 
becoming, physical laws. Chapters dealing 
with this phase of science are entitled: Light, 
Electrons and Crystals; Atomic Collision 
and Gas Discharge; Atomic Nuclei and 
Radioactivity; Low Temperature  Phe- 
nomena; The Chemistry of Solids; The 
Physics of Metals; Microstructure and Heat 
Treatment of Metals; The Invisible Armor— 
Surface Films on Metals; and Propulsion. 
The “Techniques” section of the book treats 
of methods and machinery used by modern 
scientists in the study of traditional prin- 
ciples and discovery of new ones. Chapters 
covering this phase of science are entitled: 
Mathematics, Experimental Science, and an 
Apple Pie; Inhuman Arithmetic; Maxima 
and Minima in Physical Processes; Modern 
Analytical Methods; and The _Interdis- 
ciplinary Nature of Science. 

The individual personal style in which the 
authors have approached the material is not 
indicated in the chapter titles, which do not 
do justice to the content. It is a book that 
the teacher or his students will have to read 
carefully, like a textbook, for the science 
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content is up to date and challenging. But it 
is more than this; the teacher will use it for 
his own knowledge, for outside reading as- 
signments, and for direct quotations from 
the book in explaining some of the ideas to 
his own classes. And it is still more, for there 
is a suspense about the writing that leads 
the reader from page to page to see where 
this great exploration of our physical world 
is going to lead. In this process he is intro- 
duced to gifted thinkers of our time solving 
some complicated questions. 

The style of the writers presents words in 
an easy flow of descriptive language. Ex- 
cellence is achieved in their analogies; and 
clarity is gained by explaining complicated 
ideas not only with words, but also with 
well-presented illustrations. Many of these 
authors have been teachers and thus under- 
stand the value of communicating ideas 
clearly. An added bonus for the teacher will 
be the discovery of some new demonstra- 
tions of complicated physical concepts. The 
authors have used excellent methods to 
present their ideas, and the teacher will be 
able to adapt many of these to his own 
classroom. 

A teacher will appreciate the book for its 
up-to-date material, and he will read it also 
for the method by which ideas are presented. 
He will want his students to read it for the 
information and for the inspiration they 
would receive from this association with 
scientists. It is a book that every science 
teacher will want for school and personal 
library and classroom use. 


ALFRED B. BUTLER 
Washington State University 
Pullman, Washington 


The Meaning of Wilderness to Science. Edited 
by David Brower. 130p. $5.75. Sierra 
Club, Mills Tower, San Francisco 4, Calif. 
1960. 


Much has been written about the use of 
natural areas for preserves. Describing how 
natural areas may be used as science labo- 
ratories, this book gives a collection of 
papers presented by distinguished scientists 
at the 1959 Sixth Biennial Wilderness Con- 
ference. Included also are edited and selected 
comments concerning the papers given by 
conference participants. Chapter headings 
indicate the nature of the content: Plants 
and Animals in Natural Communities, Eco- 
logical Islands as Natural Laboratories, 


Ecological Systems and Water Resources, 
The Outlook for Conservation in Alaska, 
Science and the Wilderness, Population 
Pressure and Natural Resources, Wilderness, 
Science, and Human Ecology. Some beauti- 
ful photographs of Alaska and its wildlife 
are included. A chapter deals with recom- 
mendations by the Conference for continued 
support of so-called wilderness legislation. 
These recommendations might well be read 
and discussed by many lay groups. 

This is a book which is recommended 
reading for any science teacher who is con- 
servation-minded or who needs more infor- 
mation so that he may become better ac- 
quainted with the philosophy of preservation 
of natural areas. It is thought provoking and 
might well be read not only by the nature 
enthusiast but also by a large number of the 
American citizens who wish to be better in- 
formed concerning one of their last un- 
touched resources—the wilderness. 

The content of this book adds another 
dimension to the argument for preservation 
of natural areas. It speaks for the scientist’s 
approach to the study of wilderness areas. 
This, it seems to the reviewer, adds a strong 
supporting voice to the group who wishes 
to preserve natural areas for their aesthetic 
value. 

H. SEYMouR FOWLER 
Pennsylvania State University 
University Park, Pennsylvania 


Land, Wood and Water. Robert S. Kerr. 
380p. $4.95. Fleet Publishing Corporation, 
230 Park Ave., New York 17, N. Y. 1960. 


This important book, by the senior U. S. 
Senator from Oklahoma, derives strength 
from the life-long concern of its author with 
problems of conservation. His parents were 
part of the mass migration that settled the 
Indian Territory of Oklahoma. Sam Kerr, 
his father, often told him, “Where a man 
would make a home, he must have three 
things: land, wood, and water; good land 
where his crops will grow; wood for his 
cabin, fences, and fireplace; and water for 
his family and stock.” 

The author witnessed the tragedies of the 
dust bowl in the 1930’s and, as governor, 
was responsible for administration of relief 
during the flooding of the Arkansas River in 
1943. He carried his interests in conser- 
vation to a national level when he was 
elected to the United States Senate in 1948 
on the slogan of “Land, Wood, and Water.” 
Today, as chairman of the Select Senate 
Committee on National Water Resources, 
he is more deeply concerned than ever with 
developing public concern for wise handling 
of America’s natural resources. 

Early sections of Land, Wood and Water 
deal with the origins of our planet and its 
resources and with the social and economic 
backgrounds of some of our major resource- 
use problems. 

Another section outlines the history of 
conservation efforts. It describes the contri- 
butions of Wesley Powell, who explored the 
Colorado River; of George H. Maxwell, 
California, crusader for effective irrigation 
bills; of Governor Gifford Pinchot of Penn- 
sylvania; of President Thecdore Roosevelt; 
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and of George W. Norris of the Tennessee 
Valley Authority. 

A final section of the book outlines the 
“Kerr Plan” for a cooperative study by all 
government agencies concerned with the 
water supply. The purpose of the study is to 
determine a national water policy. The bi- 
partisan Senate Committee directing the 
study is to report its recommendations for 
legislative action by January 1961. These 
recommendations, based on considerations 
ey ; Of the nation’s needs for the duration of the 
yt Ne ae ms cold war and thereafter, should increase the 
interest of Congress and the American 
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AAAS Meeting 


The annual joint meeting of NSTA 
and other science teaching societies 
affiliated with the American Association 
for the Advancement of Science will be 
held in New York City at the Roosevelt 
Hotel, December 27-30. Hotel reserva- 
tions for those planning to attend should 
be made by writing to the AAAS Hous- 
ing Bureau, 90 East 42nd Street, New 
York 17, New York. 

Details of the sessions of the teaching 
societies, as well as of scientific societies 
meeting with the AAAS, will be pub- 
lished in full in the AAAS General Pro- 
gram. No separate program for the 
science teaching groups will be printed. 

The general theme of all NSTA ses- 
sions is “The New Science—A Teaching 
Challenge.” The subjects of the five ses- 
sions planned in accordance with this 
theme are: 


I. The New Chemistry, December 28, 
9:30 a.m. Roosevelt Ballroom Foyer. 
Presiding: Rev. Lucien R. Donnelly, 
O.S.B., Delbarton School, Mor- 
ristown, New Jersey. 
Speaker: Alfred B. Garrett, The 
Ohio State University, Columbus. 
II. The New Astronomy, December 28, 
4:00 p.m. Roosevelt Ballroom Foyer. 
Presiding: Ruth E. Cornell, Wil- 
mington, Delaware Public Schools. 
Speaker: Wasley S. Krogdahl, Uni- 
versity of Kentucky, Lexington. 
ill. The New Planet Earth, December 29, 
9:30 a.m. Roosevelt Ballroom Foyer. 
Presiding: Harold E. Tannenbaum, 
State University College of Edu- 
cation, New Paltz, New York. 
Speaker: Hugh Odishaw, United 
States National Committee, Inter- 
national Geophysical Year, Na- 
tional Academy of  Sciences- 
National Research Council, Wash- 
ington, D. C. 
IV. New Weather Theories, December 29, 
2:00 p.m. Oval Room. 
Presiding: Robert J. Chinnis, Uni- 
versity of Pennsylvania, Phila- 
delphia. 
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Speaker: Harry Wexler, United 
States Weather Bureau, Washing- 
ton, D. C. 
V. Biology of the Mind, December 30, 
9:30 a.m. Roosevelt Ballroom Foyer. 
Presiding: Margaret J. McKibben, 
National Science Teachers Asso- 
ciation, Washington, D. C. 
Speaker: Irwin J. Kopin, M.D., Sur- 
geon, National Institute of Mental 
Health, Presbyterian Hospital, New 
York City. 


At each of these sessions, the speaker 
will present the frontiers of his particular 
field of science. A panel of persons rep- 
resenting elementary and _ secondary 
schools will then discuss implementation 
of this material in classrooms, K-12. 


Membership Renewal 


Renewal notices have been sent to all 
NSTA members whose membership year 
ends in December 1960. Prompt atten- 
tion to this matter will insure uninter- 
rupted service from the national head- 
quarters. Members who have enrolled 
since last January | are reminded that 
membership extends for one year from 
date of entry. Therefore, renewal notices 
will be sent to some members each month 
from now on. Renewals and advice on 
any changes of address should be sent to 
headquarters without delay. 


Teaching Aids Symposium 
NSTA members and staff representa- 
tives cooperated with the Better Light 
Better Sight Bureau in evaluating teach- 
ing aids which they produced for general 
science teachers and students. The sym- 
posium, held at NSTA Headquarters on 
July 14-15, 1960, included a review of 
the objectives and printed materials of 
the teaching aids program. Participants 
included Philip M. Alden and Edward 
A. Campbell of the Better Light Better 
Sight Bureau, New York City. NSTA 
members who attended were Margaret K. 
Noble, Benning Elementary School, 
Washington, D. C.; Glenn E. Warneking, 
Wheaton High School, Wheaton, Mary- 
land; Jerrold W. Maben, Michigan State 


An “NSTA Reports” session will be University, East Lansing; Hugh Allen, 


held in the library of the Roosevelt Hotel Jr., Montclair State College, Upper 
Montclair, New Jersey; Harold Spielman, 
The City College, New York City; 
Christopher Vagts, ESSO Standard Oil 


at 2:00 p.m., December 27. The three 
Standing Committees will report on their 
activities at this time. 





GEORGE A. CAMPBELL, NEA 


TEACHING AIDS SYMPOSIUM—(Seated, |. to r.) Hugh Allen, Jr., Montclair State College, Upper Mont- 
clair, New Jersey; Alan Mandell, Norfolk County Public Schools, Norfolk, Virginia; John W. Renner, 
Associate Executive Secretary, NSTA; and Margaret K. Noble, Benning Elementary School, Washington, 
D. C. (Standing, |. to r.) Harold Spielman, The City College, New York City; Edward A. Campbell 
Better Light Better Sight Bureau, New York City; Philip M. Alden, Better Light Better Sight Bureau, Nev 
York City; Christopher Vagts, ESSO Standard Oil Company, New York City; Alexander Costea, Arlingten 
County Public Schools, Arlington, Virginia; George A. Crosby, Business Manager, NSTA; Jerrold W. 
Maben, Michigan State University, East Lansing; and Glenn E. Warneking, Wheaton High Scheol, 
Wheaton, Maryland. 
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Company, New York City; Alexander 
Costea, Arlington County Public Schools, 
Arlington, Virginia; and Alan Mandell, 
Norfolk County Public Schools, Norfolk, 
Virginia. Representatives of the NSTA 
headquarters staff participating in the 
conference were John W. Renner and 
George A. Crosby. 

This NSTA service to business-indus- 
try provided another opportunity for 
educators and representatives of special 
groups to cooperate in carrying out a 
common objective—the improvement of 
science education in America. 


Financial Contributions 


A growing number of business-industry 
organizations and other groups are pro- 
viding financial assistance for various 
NSTA projects and activities other than 
the Future Scientists of America pro- 
gram. Henceforth the listing of all these 
organizations will be given on this page, 
rather than under FSA _ Activities. 
Through September 19, 1960, these con- 
tributions total approximately $85,000. 
The expression of faith and confidence in 
NSTA which these dollar contributions 
represent is greatly appreciated. 

Contributions since the last previous 
listing (February 1960 TST) are as 
follows: 


Allied Chemical Corporation 
American Can Company 

American Society for Metals 
Ampex Corporation 

Armco Steel Corporation 

The Atlantic Refining Company 
Champion Spark Plug Company 
Chrysler Corporation 

Ciba Pharmaceutical Products, Inc. 








Reprinted, 1959. Cloth Bound 


Chemistry Projects—Chiddix ............... 


Reprinted, 1959. Cloth Bound 


General Science Projects—Bailey and Chiddix...............ssesssessereeeeeeseees 3.50 


Reprinted, 1959. Cloth Bound 


The projects included in the above books are described in much detail. 


Essential information is supplied. 


Write for lists of over 200 selected science books useful for classroom and club work. 
State your interest field. Also see our ad in previous October and February issues. 


SCIENCE PUBLICATIONS 


201 N. School Street 


SCIENCE PROJECTS 


In Biology — 
General Science 


Biology Projects—McAvoy et al........... 


The Dow Chemical Company 
Edmund Scientific Company 
Ethyl Corporation 
The Fluor Foundation 
General Aniline & Film Corporation 
The General Foods Fund, Inc. 
The Hecht Company 
The International Nickel Company, 
Inc. 
Kennecott Copper Corporation 
Eli Lilly and Company 
Olin Mathieson Chemical Corporation 
Monsanto Chemical Company 
National Cancer Institute 
National Science Foundation 
Noble and Noble Publishers, Inc. 
The Pittsburgh Plate Glass Fourdation 
The Proctor and Gamble Company 
Rohm & Haas Company 
Scholastic Magazines, Inc. 
(Science World) 
Scientific Apparatus Makers Association 
Socony Mobil Oil Company, Inc. 
Sprague Electric Company 
Standard Oil Company (New Jersey) 
Student Marketing Institute, Inc. 
United States Steel Corporation 
Vanadium-Alloys Steel Company 
Western Electric Company, Inc. 


Convention, 1961 


First a reminder, then some current in- 
formation on convention details. 

The dates are March 24 through 
March 29, with the Supervisors’ Section 
opening the show on the 24th and AETS 
ringing down the curtain on the 29th. 
The place is the Sherman Hotel, Chicago, 
Illinois. Watch for the special conven- 
tion insert in next month’s issue of TST. 
Do not delay making hotel reservations 
and sending in your advance registration. 





Chemistry 


Normal, Illinois 











Now for a first announcement of con- 
vention participants. The first general 
session will be at 9:00 a.m. on Saturday, 
March 25. “Recent Advances in the 
Physical Sciences” will be reviewed by 
Henry O. Eyring of the University of 
Utah, followed by James F. Crow of the 
University of Wisconsin, who will discuss 
“Recent Advances in the Biological 
Sciences.” 

That same evening at 8:00 p.m., the 
emphasis will be on activities in science 
and science education at the international 
level. Hugh Odishaw, executive director 
of IGY, and Abraham Raskin, director 
of NSTA’s 1960 European Science Study 
Tour, will share the platform. There will 
be a showing of Kodachromes of the tour 
and several IGY films. 

At general sessions Sunday afternoon 
and Sunday evening, two speakers will 
coordinate their discussion on “The 
Fundamental Nature of the Scientific 
Endeavor” and “The Nature of the 
Educational Endeavor in a_ Scientific 
Age.” The first of these speakers will be 
Paul E. Klopsteg, chairman of the Board 
of AAAS, and the evening speaker will 
be Joseph J. Schwab, professor of science 
and education at The University of 
Chicago. 

Nobel Laureate Glenn T. Seaborg, 
chancellor of the University of Cali- 
fornia, will be the principal speaker at 
the annual banquet, scheduled for Mon- 
day evening, March 27. His subject will 
be “The Teacher as Agent in the Educa- 
tional Enterprise.” 

At the closing general session on Tues- 
day morning, March 28, James E. 
Russell, Secretary of the NEA Educa- 
tional Policies Commission, will give an 
address on “Education for Our Demo- 
cratic Enterprise.” 

The supporting cast of participants in 
panels, symposia, Here’s-How-I-Do-Its, 
and other program items will number 
more than 200 persons. 

And, of course, there will be the an- 
nual Exposition of Science Teaching Ma- 
terials. This is by far the best opportunity 
of the year for those in the business of 
teaching science to see and examine the 
latest books, laboratory equipment, 
audio-visual materials, and other aids. 
The Association is glad to include these 
displays as part of the professional ad- 
vancement services of the convention. 
More than 100 exhibitors will show their 
materials and have representatives on 
hand to explain and answer questions. 

We know you will want to participate 
with the 2000 or more members and 
friends of NSTA who are planning to 
attend. Be there, share, see, and explore 
the advantages which your NSTA mem- 
bership provides. 
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The First Fifty Chapters 


The title of inaugural chapters was 
bestowed upon the first fifty applicants 
to be enrolled in the Future Scientists of 
America program, the new youth organi- 
zation of NSTA, during the festive and 
memorable week of October 15-23. The 
recognition of the first fifty chapters in 
preference to the usually accepted first 
chapter was due to the explosive national 
interest expressed in the youth program 
from all areas of the nation. In the 
majority of the presentations, a represen- 
tative of NSTA was on hand to take part 
in the ceremonies by presenting the FSA 
charter to the school sponsor. 

At the same time that FSA chapters 
were being inaugurated from border to 
border and coast to coast, another impor- 
tant facet of the program was taking 
place at the University of Iowa. An 
inaugural chapter charter was presented 
to the renowned physicist Dr. James A. 
Van Allen. This charter was accepted by 
Dr. Van Allen for the University of Iowa 
Laboratory High School and was pre- 
sented to Dr. Robert E. Yager, the head 
of the school’s science department. The 
other schools included in this inaugu- 
ration ceremony for FSA, along with 
their sponsors and the approximate num- 
ber of student participants, are listed be- 
low in alphabetical order by state. Those 
represented include twenty-seven states 
and the District of Columbia. 


Walker County High School 

Jasper, Ala. 

Walter E. Nicholson (40 students) 
Arkansas High School 

Texarkana, Ark. 

Millard I. Formby, Jr. (100 students) 
Mena High School 

Mena, Ark. 

Aileen L. McWilliam (35 students) 
Chaffey High School 

Ontario, Calif. 

John T. Tinson (200 students) 
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Menlo-Atherton High School 

Atherton, Calif. 

Harry K. Wong (100 students) 
Branson High School 

Branson, Colo. 

Leonard H. Pratt (12 students) 
Carr Consolidated School 

Carr, Colo. 


Robert W. Ruchensky (18 students) 


Sinclair Junior High School 

Englewood, Colo. 

Alan R. Wenger (40 students) 
Academy of Notre Dame 

Washington, D. C. 

Sister Anna Richard, S.N.D. 

(S50 students ) 
Manatee High School 

Bradenton, Fla. 

Philip V. Doyle (35 students) 
St. Johns Country Day School 

Orange Park, Fla. 

Laura A. Wiesenfeld (75 students) 
Marshall Community High School 

Marshall, Il. 

Frank Floski (60 students) 
Notre Dame High School 

Chicago, III. 

Sister Cecilia Louise, S.N.D. 

(400 students) 
University of Iowa Laboratory High 

School 

Iowa City, Iowa 

Robert E. Yager (25 students) 
United Community School 

Boone, Iowa 

Kenneth E. Frazier (40 students) 
Harper High School 

Harper, Kans. 

Chester J. Shepherd (18 students) 
Sacred Heart Academy 

Louisville, Ky. 

Mary J. Herp (50 students) 
De La Salle Juniorate School 

Lafayette, La. 

Brother C. Lawrence, F.S.C. 

(34 students) 
Erath High School 

Erath, La. 

Numa J. Broussard (50 students) 
St. John High School 

Jackson, Mich. 

Sister Marie Aimee, I.H.M. 

(100 students) 


McKinley High School 

Le Center, Minn. 

Margaret L. Totusek (10 students) 
Minnetonka High School 

Excelsior, Minn. 

Martin L. Thames (15 students) 
Hallock High School 

Hallock, Minn. 

David R. Halgren (20 students) 
Chaffe High School 

Chaffee, Mo. 

Charles A. Goddard (75 students) 
St. Francis Borgia High School 

Washington, Mo. 

Sister M. Hermias Mennemeyer, 

S.S.N.D. (128 students) 
St. Agnes Academy 

Alliance, Nebr. 

Sister Mary Emilia (40 students) 
Superior High School 

Superior, Nebr. 

Glen E. Dirreen (25 students) 
St. Mary High School 

Paterson, N. J. 

Sister Michael Bernard, O.P. 

(45 students) 
Aquinas Institute 

Rochester, N.Y. 

Rev. James F. Cross (25 students) 
Archbishop Stepinac High School 

White Plains, N. Y. 

Brother Norbert, C.F.X. (150 students) 
Baker-Victory High School 

Lackawanna, N. Y. 

Rev. Aloysius B. Balcerak (75 students) 
Bishop McDonnell Memorial High School 

Brooklyn, N. Y. 

Sister M. Thomas Aquin, O.P. 

(50 students) 
The Bronx High School of Science 

New York City 

Zachariah Subarsky (100 students) 
Bandys High School 

Catawba, N. C. 

Everette M. Caldwell (85 students) 
Celeste Henkel High School 

Statesville, N. C. 

Kathryn R. Arey (20 students) 
Scranton Public School 

Scranton, N. D. 

Andrew J. Brown (20 students) 
Sulpher High School 

Sulpher, Okla. 

Buford A. Merritt (30 students) 
Central Catholic High School 

Canton, Ohio 

Brother David Arnold, F.S.C. 

(20 students) 
Sacred Heart High School 

Pittsburgh, Pa. 

Sister M. Alexine, I.H.M. (35 students) 
Vincentian High School 

Pittsburgh, Pa. 

Sister M. Mildred, V.S.C. (40 students) 
Central High School 

Cookeville, Tenn. 

Bertie B. Buck (25 students) 
Avinger High School 

Avinger, Texas 

Royse C. Shaddix (60 students) 
Keystone School 

San Antonio, Texas 

Edwin W. Eargle (50 students) 
Lake Worth High School 

Fort Worth, Texas 

J. C. Kinchen (45 students) 
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LOW-PRICE CLASSROOM AIDS for SCIENCE TEACHERS 


Order by Stock No.—Send Check or M.O.—Money-Back Guarantee . . . Write for FREE CATALOG “AC” 





LARGE-SIZE OPAQUE PROJECTOR 


Ideal for enlarging and projecting drawings, photos, 
formulas, ete. for classroom study. Low-cost unit takes 
any opaque copy up to 6” x 6”—projects image 3% feet 
square at 6 feet, 744 feet square at 12 feet—in true color, 
exact proportions. Broadens use of visual aids. In- 
creases class interest. Projector is 11144” high, 1314” 
wide, 9” front to back, pressed stzel in black wrinkle 
finish, bakelite handle. Lenses are 2 plano-convex, 314” 
diameter, mounted in 544” barrel. Uses two 200-watt bulbs, not included. 
Complete with slide platform to hold illustrations, 6-ft. electric cord, heat 
resistant plate glass mirror. 


nn ccavcaaal $42.00 Postpaid 


ERECT IMAGE MICROSCOPE 
IDEAL FOR SCIENCE CLASS 


Erect image feature, extra-long working distance for 
viewing large objects, and simplicity of operation make 
this ‘scope right for beginning science students. Sturdy 
construction with stable horseshoe base. 5—10X and 20X 
Lenses and up to 40X with accessory objectievs. All 
lenses achromatic—no rainbow effects. Easy to focus 
with eat and tage Rubber eyeguard and wide-diameter eyepiece for 
easy viewing. 844” tall in lowest position—weight 4 Ibs. Optical parts 
equal to those in $60 ’scope. 
plidapensanetebinvenetd $19.95 Postpaid 


Stock No. 70,172-AC 
D-STIX CONSTRUCTION KITS 


Colored wood sticks %” thick and “easy-on” rubber joints 
approx. *%” diam. fit together quickly to form all kinds of 
simple or complex shapes, structures. Ideal for teaching 
mathematics, = physics, design, engineering, archi- 
tecture, abstract art. 


























Stock No. 70,209-AC (230 pes)................ $3.00 ppd 
Stock No. 70,210-AC (370 pes..............cseccccsscesseees $5.00 ppd 
Stock No. 70,211-AC (452 pcs) $7.00 ppd 








NEW! GRAPH RUBBER STAMP 


Real time and labor saver for math teachers. If your tests 
require graph backgrounds—no need to attach separate 
sheets of graph paper and worry about keeping them 
straight. Simply stamp a graph pattern, 3’’ square as 
needed on each paper. Grading graph problems then be- 
comes 100% easier. Stamps are 3” square overall—2 differ- 
ent patterns. 


Stock No. 50,255-AC (100 blocks).................cccccessssesesssersnseseees 
Stock No. 50,351-AC (16 blocks)...............ccccscseesssceseessssseeesenes 


Polar Coordinate Graph Stamp—3” Diam. 
RO I cee” wc unbsncneccssnsngbensdieeubee 


COMPACT TESLA COIL 


Safe. Spectacular. Demonstrates high frequency elec- 
trical current — Tesla’s theory of power transmission. 
Light fluorescent tubes by placing near coil. Produce 
electrical pinwheels of sparks, etc. Unit includes coil, 
base, high tension hg inductive coil, adjustable 

















spark gap and cord. Complete yee included. Size 
, 6” x 6”, weight 8 Ibs. Completely safe. 
Stock No. 70,301-AC $36.70 Pstpd. 
OFFSPRING OF SCIENCE . REALLY 


BEAUTIFUL CIRCULAR DIFFRACTION 
GRATING JEWELRY 
A Dazzling Rainbow of Color! 


As a scientific phenomenon, this new kind of jewelry is 
capturing attention everywhere. Shimmering rainbows of 
gem-like color in jewelry of exquisite beauty—made with 
CIRCULAR DIFFRACTION GRATING REPLICA. Just as a prism breaks 
up light into its full range of individual colors, so does the Diffraction 
Grating. 

Stock #30,349-AC—Earrings Lencsahitinenientill $2.75 Pstpd. 
Stock # 30,350-AC—Cuff Links $2.75 Pstpd. 
Stock # 30,372-AC—Pendant Disliscuk tings pameceniacspiabiunmhedensonaensssoeekebid $2.75 Pstpd. 
Stock # 30,390-AC—Tie-Clasp $2.75 Pstpd. 

















MOLECULE KIT 


This low-priced kit can be used to make many molecular 
and crystal models. Consists of 50 sponge rubber balls, 
1 inch in diameter and 50 wooden sticks, 6” x 1%” that 
can be cut to any desired length. Balls may be painted, 
after assembly, to standard molecular model colors. With 
this one kit, molecules with up to fifty atoms can be 
made. Several kits can be used to make up more com- 
plex models. 


CHINN cscksdliinsscccevcnndeksccacessivssedsasessotasreceessestease $2.50 Postpaid 
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REPLICA GRATING 
Take Unusual Color Photos At Night! 


After decades of effort, low-cost diffraction grating 
replica film ‘is available. This film has 13,400 lines 
per inch. Diffraction Grating has been used to answer 
more questions about the structure of the material 
world and the universe than any other single device. 
Use it for making spectroscopes, for experiments, as 
a fascinating novelty. Cheap enough that you can pass a piece out to each 
student. Produces beautiful view of spectrum. Comes in clear plastic 
protector. 


Stock No. 50,202-AC—includes 2 pieces 8” x 512— 
1 transmission type, 1 reflecting type...................... $2.00 Postpaid 


Order by Stock No.—Send Check or M.O. 
MINIATURE AIR CAR 


Press button—Air Car takes off—scoots around floor on cushion 
of air. Battery case held in hand activates 48” long flexible 
cable which spins propeller mounted in car. Amazing demon- 
stration of Curtiss-Wright’s revolutionary wheelless air cars. 
Car is sturdy red and yellow plastic—operates off 2 
D batteries (not supplied. 








Satisfaction Guaranteed 










Stock No. 70,307-AC 


$2.98 Postpaid 








ELECTRICITY DEMONSTRATION UNIT 


For classroom experiments, demonstrations. Sim- 
ple, dramatic way to show how electrical circuit 
is set up and how energy produces electricity. 
Three-magnet generator comes mounted on 4” x 
10” wooden base with standard lamp receptacle and 
7% watt bulb. Unloaded, unit produces 120 volts— 
or 60 volts across the 744 watt bulb included. Each of the 3 steel magnets is 
2” high, faces are yy” x %”. Generator is 414” long x 314” tall, 


es ING, ase s etichiciirsidissiicte<ccats bisected $9.95 Postpaid 
L . [ GIANT MAGNET! TERRIFIC BARGAIN! 


War surplus—Alnico V-type! Horseshoe shape. Tremen- 

54 dous lifting power. 15% Ib. size. Approximately 5,000-6,000 

° Gauss rating. Will lift over 250 Ibs. Dimensions: A— 

i 5te”; B—3%”"; C—5%”; D—2%”"; E—2%”; F—4%”. 
Stock No. 85,088-AC $22.50 F.0.8. Shipping weight 22 lbs. 
Consists of clear plastic containers and plates to make 12 different cells— 
includes vials, eyedroppers, cement and directions. : 
ee NS IIIS | .ccancicssccacsncssetevavsedessibsbenecsinecuneonssvsbtudassciend $5.00 Postpaid 


CELL KIT 


Consists of clear plastic containers and plates to make 12 different cells— 
includes vials, eyedroppers, cement and directions 


IIE Ps IG is icchscsctarssstoctssiscgsuscocasarescroceonssecnesccsxstvion $5.00 postpaid 
RIPPLE TANK 


Simplifies Teaching of Wave Motion of Light—One-piece, 
leak-proof tank is made of optically transparent plastic 
with a clear water area 20” x 20” . 1%” deep. The 
rigid wood frame comes in two identical units, the bot- 
tom frame receiving the water tank and the upper frame 
holding a rigid, translucent plastic projection screen. A 
clear bulb placed beneath the tank provides illumination 
for projection. Mechanism is actuated by an eccentric 
fastened directly to the small motor shaft. Wave vibra- 
tions are transmitted to the water surface through a 
leaf spring supported rod, to give parallel wave front or 
point source agitation with the supplementary attach- 
ment which is included. Motor is operated by two flash- 
light batteries in a brass case with a sturdy rheostat to vary the speed. 
Order today. Low cost permits purchase in quantity. 

Stock No. 85,064-AC................. 
(Shipping weight 35 Ibs.) 


Order by Stock No.—Send Check or M.O. 


FREE CATALOG—AC 
144 Pages! Over 1000 Bargains! 


America’s No. 1 source of supply for low-cost 
Science Teaching Aids, for experimenters, hobby- 
ists. Complete line of Astronomical Telescope 
parts and assembled Telescopes. Also huge selec- : ; 
tion of lenses, prisms, war surplus optical instruments, partes 
and accessories, math learning and teaching aids. Request 
aa and FREE Bulletin 50-AC (on Science Teaching 
Aids). 


Easy Payment Plan Available! Details With Catalog! 


EDMUND SCIENTIFIC CO. 
BARRINGTON, NEW JERSEY 


























Barrington, N. J. 
Satisfaction Guaranteed! 
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Carbon High School 
Price, Utah 


Springfield High School, West Spring- 





c" field, Massachusetts; Region II-A, Samuel FRE: 
Lorin M. Bailey (35 students) W. Bloom, Benjamin Franklin High 
a ge ors bog School, Rochester, New York; Region | 
WA pee gern cx tine II-B, Rev. Lucien R. Donnelly, Del- SC ENCE MATERIALS 
Ruby Curd (25 students) ‘ 
St. Mary’s Academy barton School, Morristown, New Jersey; 
Winlock, Wash. Region III, James W. Cole, Jr., Univer- The Free Science Materials you 
- Sister M. Monica, O.S.F. (23 students) Sity of Virginia, Charlottesville; Region need to create curiosity, en- 
Port Townsend High School IV, Annie Sue Brown, Atlanta Public 
8 . . 
_ Port Townsend, Wash. Schools, Atlanta, Georgia; Region V-A, courage the search for under- 
' George M. Frye (12 students) S. Alton Yarian, Emerson Junior High standing, and motivate discus- 
Campion High School — School, Lakewood, Ohio; Region V-B, . , ; 
raid Prairie Du Chien, Wis. William Powell, Edwardsville High sion are listed in the New, 
ned Rev. John M. Scott, S.J. (120 students) — school, Edwardsville, Illinois; Region VI, 1960 





Nicolet High School 
Milwaukee, Wis. 
Jerome H. Fischer (20 students) 


FSAA Regional Chairmen 


The eleven regional chairmen selected 
by NSTA for the 1960-61 Future Scien- 


Robert E. Yager, University High School, 
University of Iowa, Iowa City; Region 
VII, Sam S. Blanc, Gove Junior High 
School, Denver, Colorado; Region 
VIII-A, John S. Hutchinson, Portland 
Public Schools, Portland, Oregon; and 
Region VIII-B, Harry K. Wong, Menlo- 
Atherton High School, Atherton, Cali- 


EDUCATORS GUIDE 
TO FREE 
SCIENCE MATERIALS 


Comprehensive 














HT tists of America Awards program are inl 

wn now assembling judges who will evaluate “™* and Easy-to-use 

cuit 6000 or more reports of student projects The mailing of all entries for this year’s ? 

ity. which will be entered in this competition. FSAA program as much in advance of Available for $6.25 on 30 day 

ane The work of the chairmen and their the March 1, 1961 deadline as possible approval 

s is selected committees to judge and evaluate _ Will assist these chairmen and their com- 7 

att entries is an important and much appre- mittees in their efforts to complete selec- Educators Progress Service 
ciated task. Chairmen who have taken on tions of winning projects in time for all 

! the responsibility this year are as follows: student awards to be presented by June Dept. TST 
Region I, Edgar N. Johnson, West 1, 1961. (See 46. ° P 

wy . . ssn Randolph, Wisconsin 

Ibs. 

ls— 
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TEACHING KITS FOR STUDENT 
Wis PHYSIOLOGY EXPERIMENTS 


paid Many physiological phenomena can be translated into motion. 


In order to best demonstrate these phenomena in the classroom, it is 
possible to make a continuous and permanent record of this motion 
which can be discussed during and after the experiment. The Harvard 
Apparatus Teaching Kits are built around a recording device. In the 
cases of the standard Kit #1000, the device is an electric kymograph, 
one of the simplest recording instruments to operate and maintain. 
It produces a wide range of recording speeds and is useful in the 
majority of experiments. Also available are many levers which will 
show and record motions of all kinds, such as the contraction of frog 
muscle resulting from electrical stimuli. The induction stimulator 
provides electrical stimuli and time marking signals. Human as well as 
animal phenomena can be shown. For example, the pneumograph 
demonstrates breathing patterns, and the plethysmograph can be 
used to show the volume pulse. 


Special kits containing equipment and supplies other than those 
listed for the standard Kit #1000 can be made to order. In all cases, 
the cost will be a total of list prices. We invite you to send for our 
Catalog 1960-61 and new price list which contain our complete line of 
recording instruments and accessories, circulation and respiration 
equipment, electrical equipment, clamps, stands, rods and various 
animal accessories. Also available on request is a detailed data sheet 
listing the contents of the standard Kit #1000 plus a range of 
auxiliary equipment. 

Harvard Apparatus Company, Inc., a non-profit organization, 
seeks to promote better science teaching through the manufacture of 
est superior physiological apparatus made available at the lowest possible 
ing cost. All apparatus is of the highest quality and will give years of 
continuous service. 


% 





CONTENTS OF THE STANDARD KIT #1000 (illustrated) 


Electric Kymograph Plethysmograph Tube 

Kymograph Paper Pneumograph 

Induction Stimulator Clamps 

Flat Base Stand Colophonium Cement 

Muscle and Heart Levers 27mm. Signal Magnet 

Small Scale Pan Frog Board (with clips) 

10g. Weights Tuning Fork and Starter 

Marey Tambour Stylus 

Silver Electrode Fitted Case, 24” x 12” x 12” 
$198.00—f.o.b. Dover, Mass 


HARVARD APPARATUS CO., IMC. - Dover, Mass., U.S. é 


(a non-profit organization) 





og! 





TER NOVEMBER 1960 71 








SCIENCE, TEJ NG ATERIALS 




















Prepared by NSTA Teaching Materials Review Committee 


Chairman: Dr. H. Seymour Fowler 


The Pennsylvania State University, University Park, Pennsylvania 


15) @) @) G8 53598) 


Animal Growth and Development. Maurice 
Sussman. 114p. Paper $1.50, cloth $2.95. 
Prentice-Hall, Inc., Englewood Cliffs, 
N. J. 1960. 


Another book in the Foundations of Biology 
Series. Excellent line drawings and photo- 
graphs add meaning to the text material. 
Covers current concepts of cell physiology 
and genetics as indicated by the following 
chapter headings: What Is Development? 
The Life Cycle of a Single Cell, The Begin- 
nings of Multicellular Organization, The 
Development of a Primitive Animal, Coelen- 
terates, The Development of the Vertebrate 
Embryo, Cellular Differentiation, Cell In- 
teractions During Growth and Morphogene- 
sis, and Growth and Form. A list of selected 
readings is included. A useful volume for 
the high school biology teacher’s reference 
library. 


The Cell. Carl P. Swanson. 114p. Paper 
$1.50, cloth $2.95. Prentice-Hall, Inc., 
Englewood Cliffs, N. J. 1960. 

A volume in the new Foundations of Biology 

Series. Chapter headings include: Cells in 

. General, Structure of Cells, Mitosis, Meiosis, 

Cell in Reproduction—Animals, Cell in Re- 

production—Plants, The Cell in Develop- 

ment, and The Cell in Death. Covers his- 
torical development of the understanding of 
the cell and its functions. Difficult topics 
such as reproduction in plants are described 
clearly and concisely. Accompanied by ex- 
cellent line drawings and photographs and 

a list of selected additional reading. The 

book would be a valuable addition to a 

biology teacher’s reference shelf and for use 

in advanced biology classes. 


Animal Physiology. Knut Schmidt-Nielsen. 
118p. Paper $1.50, cloth $2.95. Prentice- 
Hall Inc., Englewood Cliffs, N. J. 1960. 


A third book in the Foundations of Bi- 
Ohgy Series. Contains frequent reference to 
the physiology of man as well as animals. 
Reationship of the animal to its environ- 
met is treated well. Many difficult and con- 
fusitz topics such as osmosis, temperature 
regultion, and muscle action are described 
clearl, and concisely. Chapter headings in- 
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dicate the nature of the content: Food and 
Energy, Oxygen, Temperature, Water, 
Movements, Information, and Integration. 
A list of selected readings is included. 
Modern in its approach to the study of 
biology, this book should be on every bi- 
ology teacher’s reference shelf. Recom- 
mended also for better students in a second- 
year biology course. 


The Biological Effects of Radiation—A Re- 
port to the Public. 20p. Free. National 
Academy of Sciences-National Research 
Council, 2101 Constitution Ave., N.W., 
Washington 25, D. C. 1960. 


Up-to-date information for high school 
science teachers on the biology of radiation. 
Chapters are _ entitled Genetic Effects, 
Pathologic Effects, Meteorological Aspects, 
Agricultural and Food Supplies, Disposal 
and Dispersal of Radioactive Wastes, and 
Oceanography and Fisheries. 


The Graduate School and the Decline of 
Liberal Education. Earl J. McGrath. 66p. 
$1.50. Bureau of Publications, Teachers 
College, Columbia University, New York 
27, W.. Y. 1959. 


The strengthening of the graduate school in 
the twentieth century has been at the ex- 
pense of liberal education. Several changes 
including what follows are recommended 
for the preparation of college teachers— 
improved programs for college teachers and 
other graduate students, broader graduate 
education, research projects, and apprentice- 
ships. 


Ice Age Coming? Leverett G. Richards. 
128p. $3.25. John Day Company, Inc., 
210 Madison Ave., New York 16, N. Y. 
1960. 


The author presents (1) a generalized de- 
scription of the Pleistocene glaciation, (2) a 
description of glaciers of significance in the 
world today, and (3) various theories that 
attempt to explain glaciation in general, but 
never answers the question presented by the 
title. Glaring errors occur in the discussion 
of the Pleistocene. Contradictions within 
sentences and paragraphs occur occasion- 
ally. In general, theories are accepted as 
fact. Readable for upper elementary and 
junior high school students but not com- 
pletely reliable or scientific. Well illustrated 


with excellent photographs. Also has some 
worthwhile discussions, especially regarding 
polar expeditions. 


The Moon, Earth’s Natural Satellite. Frank- 
lyn M. Branley. 114p. $3.50. Thomas Y. 
Crowell Company, 432 Fourth Ave., New 
York 16, N. Y. 1960. 


Contains the usual conventional information 
about the moon with a special effort to 
clarify for the seventh (and higher) grades 
the concepts of gravitation, mass, density, 
liberation, and orbits. Author presents views 
by discussing, in the light of recent dis- 
coveries, what man will find on the moon 
when he gets there. Diagrams and charts are 
especially effective. 


How to Make Fish Mounts. Edward C. 
Migdalski. 218p. $5.50. The Ronald Press 
Company, 15 East 26th St., New York 10, 
N. Y. 1960. 


Contains detailed directions and many draw- 
ings and photographs to show the fisherman 
how to mount a trophy fish—cheaply and 
easily. Shows, through photographs, the 
whole gamut of trophies, field care of fishes, 
preparing molds, skin mounts, special 
trophies as head, tail, bill or jaws, and their 
painting and finishing. Describes how to 
collect, preserve, and organize for display 
an amateur or museum fish collection. The 
last chapter gives a fine list of materials and 
formulas, with directions on how to prepare 
and use them. 


From Rocks to Rockets. Solveig Paulson 
Russell. 32p. $2.75. Rand McNally and 
Company, P.O. Box 7600, Chicago 80, 
Ill. 1960. 

An interesting story of man’s continuing 

search for faster and more efficient machines 

to help conquer his environment. Embraces 
anthropology and the science of simple tools 
from the caveman to the explorers of space. 

Written for the young reader. Illustrated. 


In the Days of the Dinosaurs. Roy Chapman 
Andrews. 82p. $1.95. Random House Inc., 
457 Madison Ave., New York 22, N. Y. 
1959. 


An “Easy-to-Read Book” by a well-known 
authority. This extremely interesting book 
includes many excellent illustrations and a 
map showing location of dinosaur remains. 
The reader feels as if he were accompanying 
the author on his field trips and living his 
experiences with him. Covers identification 
of dinosaurs and aids to pronunciation of 
names. For upper elementary use. 


The Boys’ Second Book of Radio and Elec- 
tronics. Alfred Morgan. 276p. $3. Charles 
Scribner’s Sons, 597 Fifth Ave., New 
York 17, N. Y. 1957. 


An excellent book on a timely subject. It 
takes the novice from the construction of a 
simple crystal receiver to. the construction 
and operation of a miniature home broad- 
casting station. Each construction is well 
illustrated with a schematic circuit diagram 
and a pictorial diagram. The theory is stated 
in a simple and clear form. No recent re- 
vision has been made, but this is an excellent 
source for current use. 
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So You Want to Be a Scientist. Alan E. 
Nourse. 182p. $3. Harper and Brothers, 
49 East 33rd St., New York 16, N. Y. 
1960. 


Guidance or science counselors might well 
profit from this work. The author takes 
the reader through a discussion of what 
science is, how to prepare to enter it, and 
the qualifications and goals for scientific 
work. Contains a complete and revealing 
discussion of the different sciences and gives 
the reader an insight into science careers. 
Recommended for any high school science 
department. 


Science Experiments for Every Boy and 
Girl. Louis J. Kleinman. 192p. $1. Hart 
Publishing Company, Inc., 74 Fifth Ave., 
New York 11, N. Y. 1960. 


Contains instructions for simple experiments 
with air, heat, natural forces, electricity, 
water, light, sound, chemicals, the human 
body, and plants, utilizing typical materials 
found around the home. Each experiment is 
clearly explained in everyday language and 
has an accompanying illustration. For mid- 
dle and upper elementary students. 


Biology—The Science of Life. Addison E. 
Lee. 270p. $2. The Steck Company, 205 
West Ninth St., Austin, Texas. 1958. 


Each chapter in this work-text for high 
school biology includes a text discussion of 
a topic, demonstrations and experiments, 
workbook-type answer sheets, and lists of 
additional activities under a section entitled 
“Extra Things to Do.” Contains numerous 
line drawings. Spiral bound. [No recent re- 
vision has been made, but this is an excellent 
source for current use. | 


Modern General Science. Alan Humphreys. 
256p. $2. The Steck Company, 205 West 
Ninth St., Austin, Texas. 1959. 


A work-text for ninth-grade general science 
which combines the features of a textbook 
with a modified workbook. Each section of 
the book includes both selected text material 
and demonstrations and experiments. Ample 
space for recording answers to questions is 
provided. Illustrated with line drawings and 
black and white photographs. Topics from 
the physical and biological sciences well 
represented. Spiral bound. 


Careers and Opportunities in Chemistry. 
Philip Pollack. 148p. $3.50. E. P. Dutton 
and Company, Inc., 300 Fourth Ave., 
New York 10, N. Y. 1960. 


A very informative book for the high school 
student curious about the field of chemistry. 
The author takes the reader through a brief 
history of chemistry and the growth of the 
profession and _ discusses its different 
branches adequately. Of special interest to 
counselors and students is the chapter on 
qualifications and training. An appeal is also 
made for training women in chemistry. 


How to Know and Predict the Weather. 
Robert Moore Fisher. 136p. 50¢. Signet 
Key Book, The New American Library of 
World Literature, Inc., 501 Madison Ave., 
New York 22, N. Y. 1960. 


Written for the layman, this book is handy 
and readable. Contains interesting infor- 
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mation about weather processes. Acquaints 
reader with the processes which make up the 
weather and shows the meaning of certain 
signs, comparing them with ancient weather 
proverbs. The author has an appealing style 
which makes the book easy to read. It should 
evoke an appreciation of the intricacy of the 
atmosphere and promote an understanding 
of the problems confronting meteorologists 
when they predict weather conditions. 


Shots Without Guns. Sarah R. Riedman. 
222p. $3.50. Rand McNally and Com- 
pany, Box 7600, Chicago 80, Ill. 1960. 


An interesting and exciting book for the 
high school student on the life of famous 
scientists who conquered infectious diseases. 
The story begins with Edward Jenner and 
continues to present-day scientists such as 
Salk. Clearly describes the adventures, hopes, 
and disappointments of these famous men. 
An asset to any high school library. 


Problem Situations in Student Teaching. 
Gwynn A. Greene. 68p. $1.25. Bureau of 
Publications, Teachers College, Columbia 
University, New York 27, N. Y. 1959. 


A series of 39 open-ended accounts of 
student-teaching experiences in elementary 
and secondary schools. The situations de- 
scribed should encourage exploration and 
thoughtful analysis of teaching problems. 


Things to Do in Science and Conservation. 
Byron Ashbaugh and Muriel Beuschlein. 
162p. $2.50. The Interstate Printers and 
Publishers, Inc., 19-27 North Jackson St., 
Danville, Ill. 1960. 


Each of the eleven chapters represents a 
different, basic, natural, or man-developed 
resource. Principles of science are stressed 
throughout by means of suggested demon- 
strations and projects. The book contains 
materials appropriate for both elementary 
and secondary grades. 


Man in the Making. Estelle Friedman. 192p. 
$2.95. G. P. Putnam’s Sons, 210 Madison 
Ave., New York 16, N. Y. 1960. 


Written for high school students, this book 
should awaken interest in young people re- 
lating to the science of anthropology. 
Author describes the discovery of the first 
remains of animals and the difficulty of 
researchers to convince the public that such 
forms actually existed millions of years ago. 


Space Monkey. Olive Burt. 64p. $2.50. The 
John Day Company, 62 West 45th St., 
New York 36, N. Y. 1960. 


Describes the events leading up to and 
following a successful space flight by a 
monkey. Much emphasis is placed on the 
special care given to such animals and the 
valuable information that is obtained from 
the flights. Recommended for upper ele- 
mentary and junior high school. 


The Wonder of Light. Hy Ruchlis. 154p. 
$2.95. Harper and Brothers, 492 33rd St., 
New York 16, N. Y. 1960. 

The characteristic feature of this book is the 

explanation of the optical phenomena of 

everyday life through concepts that are in- 
troduced in simple and almost nontechnical 
language. Very well written. The illustra- 


tions have been chosen extraordinarily well. 
Useful for upper elementary and high school 
students, as well as the general reader. 


Exploring Science Series. Teachers’ Edition. 
Walter A. Thurber. Grade One, 160p. 
$2.32. Grade Two, 176p. $2.52. Grade 
Three, 200p. $2.68. Grade Four, 260p. 
$2.88. Grade Five, 360p. $2.92. Grade 
Six, 360p. $3.12. Allyn and Bacon, Inc., 
150 Tremont St., Boston 11, Mass. 1960. 


A series with a challenging approach to the 
science experiences of children in grades 1-6. 
Adequate information and excellent illus- 
trations. Teachers’ edition considers each 
unit from the standpoint of preparation, 
teaching procedures, summary, follow-up, 
possible learning, and includes a bibliog- 
raphy. This should give the young teacher, 
especially, confidence in undertaking the 
teaching of elementary science. A good 
science series for the elementary program. 


Handbook for Space Travelers. Walter B. 
Hendrickson. 252p. $3.95. The Bobbs- 
Merrill Company, Inc., 1920 East 38th 
St., Indianapolis, Ind. 1960. 

This book provides a useful source of in- 

formation about space, space travel, and life 

on other planets. An important chapter 
treats of various instruments which scien- 
tists utilize to study physical and chemical 
aspects of outer space. Covers the history of 
rocketry and space technology. Lastly, con- 
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ditions for life on the planets are described. 
Interesting book for junior and senior high 
school. 


Medical Science and Space Travel. William 
A. Kinney. 150p. $3.95. Franklin Watts, 
Inc., 575 Lexington Ave., New York 22, 
N. Y. 1959. 


A story of the problems and research in- 
volved in space exploration. Includes sec- 
tions on problems of selecting space men, 
developing space craft, experimenting with 
space flight, and discovering information 
about the nature of outer space. Contains a 
radiation glossary. Well illustrated. Recom- 
mended for upper elementary and junior 
high school. 


The Rockets’ Red Glare. Mortimer W. 
Lawrence. 122p. $2.75. Coward-McCann, 
Inc., 210 Madison Ave., New York 16, 
N. Y. 1960. 


An excellent portrayal of the conquest of 
space. Content grows from fact. Well written 
for grades 6-9. Includes historical back- 
ground of rocketry. Good photography. 
Contains glossary. 


The Story of Butterflies and Other Insects. 
Peter Farb. 126p. $2.95. Harvey House, 
Publishers, Irvington-on-Hudson, N. Y. 
1959. 

An illuminating treatment of the more com- 

mon insects seen in a child’s world. Sketches 

and colored plates of butterflies and moths 
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BPOMO 


(why pay a high price for it?) 
The Greeks had a word for everything. For example, Bromos (above) means 
“stench”. From this we got the word “bromine”. 

In its free form, it has an extremely irritating odor. But, chemical progress 
is csiching up. Bromine is now available in the form of a completely odorless 
solid called BROMIPHOR. In fact, it remains odorless until dissolved and 
acidified. It’s safe, easy to handle, and keeps indefinitely. “A welcome 
relief,” you'll say, “and much less expensive.” 45 grams dissolved in a liter 
of water containing 18 ml of sulfuric acid will instantly produce a liter of 
saturated bromine water for only 40¢. And there’s no partially-filled, smelly 
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lution at both high and low magnifica- 
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will assist the intermediate-grade reader in 
his quest for information. Describes some of 
the lesser-known insect oddities and contains 
a guide for identification and aids for insect 
collection and study. 


Laboratories in the Classroom. Science Ma- 
terials Center, Inc. 96p. Free. 59 Fourth 
Ave., New York 3, N. Y. 1960. 


The book represents an excellent thumbnail 
report of the problems, programs, and pos- 
sible future trends of science education in 
the United States. The incorporation of 
articles written by twenty-seven of the lead- 
ing science educators in the U. S. into one 
book is a formidable task in itself. But in an 
even greater sense, the differences in style, 
philosophy, and future expectations ex- 
pressed by these authors are both provocative 
and informative. As the reader might well 
anticipate, opinions voiced by so large a 
group on so broad a topic will show con- 
siderable variation. There is one point of 
emphasis, however, common to all—the ad- 
vancement of science education. 


Science for Better Living Series. Paul F. 
Brandwein, Leland G. Hollingworth, 
Alfred D. Beck, Anna E. Burgess, and 
Violet Strahler. You and Your World (7th 
grade). 474p. $3.68. You and Your Re- 
sources (8th grade). 536p. $3.96. You and 
Science (9th grade). 702p. $4.84. Har- 
court, Brace and Company, 750 Third 
Ave., New York 17, N. Y. 1960. 


A series of junior high texts, revising 1955- 
56 editions. New material added to include 
up-to-date concepts which are accurate and 
detailed. Suitable vocabulary for the various 
grade levels. Teacher’s manual includes 
teaching suggestions, graded to student levels 
of ability, and lists of references and source 
materials. Each text has extensive glossary 
and index. An adequate series, well written 
and well illustrated. 


Human Development. Phyllis C. Martin and 
Elizabeth Lee Vincent. 542p. $6.50. The 
Ronald Press Company, 15 East 26th St., 
New York 10, N. Y. 1960. 


Although designed as a college-level intro- 
duction to human biology for general educa- 
tion, this totally new text will also be useful 
in advanced biology courses in high school. 
The usual anatomical and physiological as- 
pects of human biology have been supple- 
mented with embryological and psychologi- 
cal material. Readable and interesting. Well 
illustrated with original drawings. 


Kettering, Master Inventor. Sigmund A. 
Lavine. 174p. $3. Dodd, Mead, and Com- 
pany, 432 Fourth Ave., New York 16, 
N. Y. 1960. 


An interesting biography of Charles Frank- 
lin Kettering, inventor, scientist, and engi- 
neer. Emphasizes the importance of char- 
acteristics needed for success in invention. 
Good general reading material for junior 
and senior high school students. 


The Sense of Smell. Roy Bedichek. 264p. 
$3.95. Doubleday and Company, Inc., 575 
Madison Ave., New York 22, N. Y. 1960. 

An intriguing presentation of the olfactory 

sense in animals and man. The naturalist 
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author combines well-documented data with 
a fine literary style to produce an informa- 
tive and entertaining book. Chapter headings 
include Notable Human Noses, Super- 
smellers, Body Odors, Racial Odors, and 
The Nose in Love Affairs. A fresh outlook 
on a topic that encompasses biology, an- 
thropology, and sociology among others. 


The Wonderful Story of You. Benjamin C. 
and Sidonie M. Gruenberg. 182p. $2.95. 
Garden City Books, Garden City, N. Y. 
1960. 


A lucid protrayal of the development and 
functions of the human body from repro- 
duction to adulthood. Describes in simplified 
fashion the complexities of the human being 
and relates physiology to personality devel- 
opment and problems of growing up. A 
helpful guide for both parents and young- 
sters in understanding human growth and 
behavior. Well illustrated. 


The Story of Planets, Space and Stars. Gay- 
lord Johnson. 154p. $2.95. Harvey House, 
Publishers, Irvington-on-Hudson, N. Y. 
1959. 


This brief but comprehensive work on 
astronomy, beautifully illustrated with many 
telescopic photographs, should whet the 
appetite of students in fifth through eighth 
grades for further study. Star maps, charts, 
suggested activities, and a good index make 
this book adaptable as a reference for 
children and teachers. Traces of history are 
interestingly woven into the text. 


The Magic of Rubber. E. Joseph Dreany. 
92p. $2.75. G. P. Putnam’s Sons, 210 
Madison Ave., New York 16, N. Y. 1960. 


Graphically illustrates the story of rubber 
from the time it drips out of a tree until the 
finished product is put into use. Current 
developments in synthetic rubber research 
are described. The student is introduced to 
some of the pioneers in the field of rubber 
such as Charles Goodyear, Michael Faraday, 
and Granville Williams. Written in a clear 
understandable way for ages 8-12. 


PROFESSIONAL 


READING 





“The Egghead Millionaires.” Fortune, 
62:172. September 1960. Featuring a “new 
cold-war breed, scientists turned manufac- 
turers,” this article is of general interest to 
all science teachers. It describes how some 
of the top twenty young scientists formed 
their own companies, why so many are 
located near universities, and what they 
think about their meteoric rise in the busi- 
ness world. 

“Accurate Measurement of Time.” By 
Louis Essen. Physics Today, 13:26. July 
1960. Science is in need of clocks which will 
measure frequencies more accurately than 
pendulum timepieces. In the measurement 
of time today, science must be in step with 
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the atom rather than the earth. The author 
cites the atomic clock and the quartz clock 
as examples of accurate measurements and 
describes their operation. 

“The Next Hundred Years’ Energy De- 
mand and Sources of Supply.” By Lewis G. 
Weeks. Geotimes, 5:18. July-August 1960. 
“Whence will come our energy in the year 
2059?” This is the question the article sets 
out to answer. Such factors as population 
growth and its effect upon the world’s energy 
supply, sources of energy supply, and oil 
production methods are discussed. 

“Evaluation and Follow-up Study of a 
Summer Science and Mathematics Program 
for Talented Secondary School Students.” A 
most informative and detailed report of 78 
pages, issued by the Harvard University 
Graduate School of Education, Cambridge, 
Mass., June 30, 1960. Included is an expla- 
nation of research methods, identification of 
the instruments used in pre- and post-testing 
of program entrants, a critical analysis, and 
recommendations for improvement which 
were gleaned from the study. 

This report is available in the depository 
libraries of the Library of Congress, Wash- 
ington 25, D. C., and should be of value to 
all teachers who desire the latest evaluative 
information concerning summer science and 
mathematics programs for talented second- 
ary school students. 


“Vertical-Takeoff Aircraft.” By John P. 
Campbell. Scientific American, 203:41. 
August 1960. A well-written pictorial and 
graphic review of the history, current re- 
search, and future plans of the Vertical- 
Takeoff Aircraft. Information contained in 
the article is of considerable value to the 
secondary school teacher of physics. 

“New NSF Programs Aid Academic Re- 
search.” Chemical and Engineering News, 
38:46. August 8, 1960. An informative 
article about the dispersement of funds to 
colleges by the National Science Foundation. 
An interesting feature is that these colleges 
must have programs leading to the Doctoral 
Degree before NSF funds can be made 
available. 

“Science in the News.” Science, 132:337. 
August 5, 1960. The science and education 
pro’s and con’s of both presidential as- 
pirants are treated in an objective manner 
in this well-written, informative article de- 
scribing their platforms and personalities. 
The political articulation of the writer is 
evidenced by the depth of understanding he 
exhibits concerning the staff selection of 
each candidate. Further, the effect of this 
selection on the advancement of science and 
education is discussed at length. The article 
is recommended to the science teacher for 
current information on science, education, 
and politics. ' 
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The ACT-O-MATIC Dual-Position Projector enables you to 
project actual test tubes, electrolysis cells, meters and 
other science apparatus. As the demonstration is per- 
formed, it is projected LIVE on the screen in large, vivid 
detail. Also projects class notes, diagrams, etc. as they are 
written. Tested demonstrations and prepared transpar- 
encies are available in chemistry, physics and biology. 


IME AA I eC 


DUAL-POSITION PROJECTOR 








patents pending 


for additional 
information 
write to: 


> a 


LABORATORY 
FURNITURE CO., INC. 


Old Country Road, Mineola, N.Y. 
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New Model-Ball Bearing 
500,000 V. GENERATOR KIT- 


These kits consist of material for 
a 36” high 500,000 volt generator 
together with drawings and direc- 
tions for assembly. Kit includes 
belt pulleys, bearings, shafts, plastic 
tube, 14” pre-assembled Alum. 
Oblates and frame. All machine 
work is completed, all handwork has 
been omitted to cut costs. 


Post Paid $37.50 


500,000 V. GENERATOR, ASSEMBLED—Deluxe 
model, ball bearing motor, delivers 12 microamp. 
Warranted 2,000 operating hours or 5 yrs. 

Price: F.0.B. Buffalo, $128.00 
Other models to 1,000,000 V. 


200,000 Volt Electrostatic Generator 


Specifications — Height: 17 inches; Diameter: 7 
inches; Potential: 200,000 volts; Current: 1.5 to 
2.5 microamp.; Humidity range: 0 to 90% relative 
humidity; Service life: over 1,000 operating hours; 
Motor: 110 volt 60 cycle A.C.; Insulating column: 
Unbreakable vinyl chloride plastic; Metal parts: 
Base, housing, frame and charge collector are alu- 
minum; Bearings: Oil impregnated bronze; Weight: 
5 Ibs. 


Price: Fully assembled Post Paid $39.50 
Kit form which can be assembled with pliers 
and screw driver Post Paid $24.50 


VACUUM EQUIPMENT—Mech. pumps for pres- 
sure range 1 Atmosphere down to 150 microns. 





‘ $34.50 
Diffusion pumps for pressure down to .01 microns 
$16.00 

McLeod Gauges for range 1 micron to 1000 microns. 
14.00 


Other low-priced science class equipment. 
Stroboscopes, St. Louis motors, etc. 
Write for Free Spec. Sheets 


MORRIS AND LEE 
294 ELM ST., st BUFFALO 3, N.Y. 














MICROSCOPES! 


Precisioned for Research . . . 
Engineered for Performance .. . 
Wea | Model 


LKA og 500 


(in lots of 5— 
$76.50) 


iky, P1T9O° 
(in lots of 5— 


$107.) 
Compare Cri- 
terion’s line of 


microscopes & ac- 
cessories for defi- 
nition, includes so- 
ciety standard con- 
struction, coated precision eyepieces, 
extra large stage, safety slide stop. 
Aperture disc diaphragm, built in con- 
denser NAO 65, plane & concave mirror 
50MM. Excellent for classroom teaching, 
research, industry. Other microscopes 


from $39°% to $450, 


1-— Mail coupon today for illustrated brochure — -, 
| (Criterion Manufacturing Co., Dept. THM-5_ | 
331 Church St., Hartford, Conn. 
1 (J Please send me complete information , 
i about your model LKA and LKJ class- | 
\ room teaching microscopes. ) 
! [) Please send me brochure describing your '! 
1 1 
! 1 
i \ 
u ! 
! 1 
1 ' 





ia a 


complete microscope line. 
Name 
Title. : 
Address.......... 
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The Earth: Resources in the Crust. De- 
signed for upper elementary and junior high 
school, the film discusses materials found in 
the crust of the earth—iron, aluminum, 
fuel (coal, oil, and natural gas), uranium, 
limestone, clay, sand, sulfur, and salt. Iron 
mining and smelting are covered as well as 
the making of alloys. 11 min. Color $110, 
B&W $60. 1960. Coronet Instructional 
Films, Coronet Building, Chicago 1, IIl. 


The Earth: Its Oceans. This film intro- 
duces one of man’s untapped resources, the 
ocean. Covers a description of oceanography 
as a science, the topography of the bottom 
of the sea, and materials and living things 
in the sea. Man’s early attempts to learn 
more about the sea are portrayed. Describes 
ocean currents, the techniques for studying 
these currents, and their influence on climate. 
The relationship between weather and wave 
motion is also included. Recommended for 
junior high general science or earth science, 
and some portions which treat the life of 
the oceans may be appropriate for high 
school biology. 13% min. Color $137.50, 
B&W $75. 1960. Coronet Instructional 
Films, Coronet Building, Chicago 1, IIl. 


The Excretory System. Film shows blood 
and tissue fluids, the anatomy of the ex- 
cretory system, and how the proper func- 
tioning of the kidneys is necessary for good 
health. Recommended for junior and senior 
high school biology classes as well as for 
health studies. 13 min. Color $137.50, B&W 
$75. 1960. Coronet Instructional Films, 
Coronet Building, Chicago 1, Ill. 


Let’s Catch Reptiles. Illustrates charac- 
teristics of the class Reptilia. Three young- 
sters take a field trip to study reptiles. They 
find various lizards, a turtle, and a king- 
snake. Harmless methods of capturing the 
reptiles are shown, with emphasis on re- 
turning the animals to their natural habitat. 
Film encourages careful study of reptiles, 
stresses kindness to animals, and would be 
useful in helping to overcome some of the 
unfounded bias against reptiles. Recom- 
mended for science classes in grades 5-8. 11 
min. Color $110. 1959. Bailey Films, Inc., 
6509 De Longpre Ave., Hollywood 28, 
Calif. 


I Choose Chemistry. A science guidance 
film which will encourage students to elect 
science courses and science careers. Depicts 
the story of a boy’s interest in chemistry 
from his introduction to the subject through 
a chemistry set to his graduation from col- 
lege. Emphasizes the importance of under- 
standing mathematics if a career in chem- 
istry is chosen. Would be appropriate for 
junior high school as a guidance film, but 
may lack some sophistication for use above 
the tenth grade. 15 min. Color $150, B&W 
$75. 1959. Bailey Films Inc., 6509 De 
Longpre Ave., Hollywood 28, Calif. 


Understanding Matter and Energy. Woven 
into a boy’s conversation with the narrator 
is a thorough demonstration of the physical 
properties of matter in its solid, liquid, and 
gaseous state. The action of these properties 
is shown through animation. Film portrays 
the concept of the transformation of matter 
to energy for the production of heat, light, 
and electricity and compares the sun as the 
source of energy to the potentials of the 
atomic structure of matter. Recommended 
for junior high. 18 min. Color $185. 1960. 
International Film Bureau, Inc., 57 East 
Jackson Blvd., Chicago 4, III. 














interest in your science classes. 


Write to: 





Department 2 e 


FOUR AIDS FOR 
TEACHING SCIENCE IN THE 


ELEMENTARY GRADES * 


Gear your science classes to your students’ 
interest in the world about them. These four 
SCIENCE REVIEW-WORKBOOKS—one 
each for grades five through eight—cover the 
fast-growing volume of scientific knowledge 
and concise presentations. Warp’s famous Five-Point 
Method fixes important facts indelibly in your pupils’ minds. You'll 
notice a difference immediately in heightened anticipation and 


Try Warp’s REVIEW-WORKBOOKS for ten days at no obliga- 
tion. You don’t pay unless completely satisfied. Schools are billed 
at the low price of 50¢ a copy in quantities of 100 or more. 


WARP PUBLISHING COMPANY 


Minden, Nebraska 
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Universe. In a technique which combines 











What Are ‘Things Made Of? A short intro- 


min. Color $110, B&W $60. 1960. Coronet 


















8- actual photography with models, film pre- duction to chemistry is presented, designed Instructional Films, Coronet Building, 
ty sents a study of the moon, planets, comets, for use in upper elementary and junior high Chicago |, Iil. 
8- sun, and sunspots. Includes excellent pho- school. Solids, liquids, and gases are dis- 
he tography of the actual working parts of a cussed as well as atoms, molecules, com- The Earth: Changes in Its Surface. The 
- telescope and its use by astronomers. Shows pounds, and mixtures. Physical and chemical film discusses such internal and external 
at. method of locating stars and manner in which changes are introduced to give an under- forces that change the earth’s surface as 
S, telescope follows their movements. Recom- standing of changes in matter. 11 min. Color synclines, anticlines, volcanoes, weathering, 
De mended for general science or earth science. $110, B&W $60. 1960. Coronet Instruc- glaciation, and others. Recommended for 
ne 29 min. B&W $130. 1960. National Film tional Films, Coronet Building, Chicago 1, upper elementary and junior high school 
” Board of Canada, 680 Fifth Ave., New _ IIl. science classes. 11 min. Color $110, B&W 
L York 19, N. Y. $60. 1960. Coronet Instructional Films, 
r+ Conserving Our Forests Today. Film Coronet Building, Chicago 1, IIl. 
8, The Story of Soil. Recommended for shows how forests supply us with wood, 

upper elementary and junior high school. various kinds of paper, cellulose, synthetic The Earth: Its Structure. This film por- 

Content of the film includes the story of the textiles, and motion-picture film. Illustrates trays the origin of the solar system and the 
“€ development of soil, how man has caused grazing on forest lands in the West, forest earth. It illustrates how the molten material 
ct destruction of the soil, and measures taken protection of watersheds, and utilization of cooled, forming the major surface features 
ts to prevent soil erosion such as terracing, forests in the Pacific Northwest and the of the earth. One of the film’s best features 
ry rotating crops, foresting, and contouring. South. Compares rate of growth of a human is the portrayal of methods for discovering 
th Particular emphasis is placed upon harmony to that of a Southern forest tree. Methods the nature of the crust. Other topics include 
1- between man, plants, and animals for of conserving our forest resources are also. the nature of the earth’s interior and the 
r- proper soil maintenance. 11 min. Color discussed. One of the best features of the formation of igneous, sedimentary, and 
a- $110, B&W $60. 1960. Coronet Instructional film is its portrayal of modern forest fire metamorphic rock. Recommended for 
or Films, Coronet Building, Chicago 1, II. fighting methods. Recommended for junior junior high school general science or earth 
it high school science or biology classes. 11 science. 11 min. Color $110, B&W $60. 
/e Acids, Bases and Salts. This film is recom- 
W mended for the senior high school level. 
de The content centers around theories of — 

ionization and the properties, preparation, yin: 

and uses of acids, bases, and salts. Theory Where Today Meets Tomorrow 
n is up to date. 21 min. Color $220, B&W ° ° . 
or $120. 1960. Coronet Instructional Films, in the Teaching of Science 
al Coronet Building, Chicago 1, III. snRNA 
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for the Elementary-School 
Teacher 


by John Gabriel Navarra and 
Joseph Zafforoni 


Flow to dramatize 
science in the 
primary grades 


Here is an ingenious new visual method 
for bringing basic science concepts to 
life for children as young as eight years. 
MOTOGRAPH SCIENCE CHARTS 
enable teachers and even youngsters to 
demonstrate scientific principles in action. 
Colorful, sturdy, 13 x 17 inches each, 
easily visible from all parts of a classroom, 
employing removable parts and detachable 
adhesive labels. Designed for us by Harry 
Milgrom, supervisor of elementary science 
for New York City Board of Education, 
MOTOGRAPH SCIENCE CHARTS deal 
with: The Eye; The Seasons; How the 
Day Grows; Thermometer; Electric Bell. 
Five charts, fully assembled, $1.95 each. 
Quantity discounts for schools. For com- 
plete catalog of PORTABLE LABOR- 
ATORY teaching aids, write Science 
Materials Center, 59 Fourth Avenue, New 
York 3, N.Y. Dept. M-147 


Applies up-to-date methodology to all the 
basic areas of science education, with the 
methodology woven in with the subject fields 


Consolidates science subjects into related areas 
and presents these in three major, easily teach- 
able units. i.e., Air, Weather, and Aviation; 
Space, Time, and Earth; Matter, Energy, and 
Life 


Builds up concepts of atomic science, space, 
and great areas of current science interest in 
ways the pupil can understand 


Contains over 200 challenging experiments 


Treats extensively of facilities and materials 
for use in carrying out a successful science 
program 


Sets forth specific guides for measuring pupil 
understanding of science principles 





ROW, PETERSON AND COMPANY 


EVANSTON, ILL. ELMSFORD, N.Y 


SCIENCE MATERIALS CENTER 





a division of The Library of Science 
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1960. Coronet Instructional Films, Coronet 
Building, Chicago 1, II. 


Reaching, Into Space. Presents a chrono- 
logical overview of man’s attempt to free 
himself from the confines of travel limited 
to earth. A historical approach follows: da 
Vinci’s design of a flying machine, the use 
of rockets by the ancient Chinese, the first 
successful balloon flight by the Chinese, the 
first powered air flight by the Wright 
Brothers, and exploration by _rocket- 
launched satellites. Principles of rocket 
flight including Newton’s Third Law are 
covered. Recent space exploration is pro- 
trayed by animation and actual photo- 
graphy. Covers the work of the astronauts 
as well as photographs of the earth taken 
on rocket flights. Appropriate for grades 5-9. 
14 min. Color $150. 1960. International 
Film Bureau, Inc., 57 East Jackson Blvd., 
Chicago 4, Ill. 


Birds: How We Identify Them. This film 
for the young beginner in ornithology illus- 
trates how three characteristics—appearance, 
actions, and sounds—are used to assist in 
identification of birds. Two young “birdists” 
take a field trip and learn to recognize a 
robin, bluebird, purple martin, wren, gold- 
finch, hummingbird, hawk, crow, and 
meadowlark by recalling the three charac- 
teristics with the introduction of each new 
species. The film would be stronger if the 


sounds and motions of the birds were 
synchronized. Should be useful through fifth 
grade as an indoor introduction to birding. 
11 min. Color $110. 1960. Coronet Instruc- 
tional Films, Coronet Building, Chicago 1, 
Ill. 


Eggs to Chickens. This film for elementary 
school science students illustrates simply the 
life cycle of the chicken, showing anatomy 
of the hen, development of the embryo 
within the egg, and the chick emerging from 
the shell. The story involves a visit of two 
youngsters to a chicken ranch. The rooster- 
hen-chick relationship is explained through 
a discussion of fertile and nonfertile eggs. 
The film does not portray natural incubation 
but instead shows the use of an artificial 
incubator. Film recommended for grades 
4-7. 10 min. Color $110, B&W $60. 1959. 
Bailey Films, Inc., 6509 De Longpre Ave., 
Hollywood 28, Calif. 


The Grass-Blade Jungle. This film for 
elementary grades is designed to help 
children study and identify insects and other 
arthropods. Portrays the variety of life found 
on a lawn, and shows representatives of the 
different classifications of arthropods, their 
ecology, and their relationships. Anatomical 
features useful in identification are illus- 
trated. 11 min. Color $120. 1959. Bailey 
Films, Inc., 6509 De Longpre Ave., Holly- 
wood 28, Calif. 


Language of Algebra. The film combines 
animation with photography to illustrate the 
substitution of algebraic symbols for actual 
objects from which the symbols developed 
historically. Describes the solving and 
evaluation of formulas, the meaning of sub- 
scripts, and sets of conditions for solutions. 
Includes the use of modern computing 
machines. Film may be helpful to junior and 
senior high school teachers in reviewing the 
use of simple algebra in science problems. 
16 min. Color $165. 1960. International 
Film Bureau, Inc., 57 East Jackson Blvd., 
Chicago 4, IIl. 


Conserving Our Soil Today. This is a good 
conservation film showing the importance of 
soil and demonstrating how it directly affects 
our lives. One of the films’ strong points is 
the presentation of some of the newly de- 
veloped soil conservation techniques. IIlus- 
trates products from the soil, soil loss 
through erosion, soil formation, and the de- 
velopment of humus. Emphasizes the im- 
portance of gathering information concern- 
ing soils through research and the technical 
assistance available to land owners through 
the United States Soil Conservation Service. 
Shows how recommended soil-conservation 
measures may be applied to the land. 
Film is appropriate for junior high general 
science and biology classes. 11 min. Color 
$110, B&W $60. 1960. Coronet Instructional 
Films, Coronet Building, Chicago 1, IIl. 





An exciting new program 
of 51 Coronet films for 
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* « « curriculum-correlated by chapter to 11 major textbooks 
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—not to substitute for the teacher. 


culation, and the Nervous System. 
Use the coupon.. 


* + « specifically designed to supplement instruction 
* « « produced to illuminate basic, hard-to-teach concepts 


* « « containing a wealth of film techniques for greater clarification 


Now it is possible to achieve greater effectiveness in teaching biology by using 
the fifty-one films currently available from Coronet. This integrated series of 
films, ranging in length from 8 to 15 minutes, is designed to supplement instruction 


t 
' 
t 
Bie prepared under supervision of world-famous biologists 


Teachers can approach each unit with full confidence, for the films clarify all 
the major concepts — bringing to the classroom the wealth of life in nature. 

Each of these fine motion pictures has been carefully correlated to the major 
units of instruction in 11 leading textbooks. A handsome chart, indicating these 
exact relationships and containing fuil descriptions of the films, is available with- 
out charge. Use the coupon to request your free copy of this useful summary of 
basic units in biology and the Coronet films which help you teach them. 

The fifty-one films include the following basic subjects: The Cell, Arthropods, 
Reptiles, Disease-Causing Microorganisms, Embryonic Development, and six 
films on the Human Body — Reproduction, Excretion, Skeleton, Digestion, Cir- 


. To request your free correlaticn chart (with full 
details on purchase under NDEA) 
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Dept. SC-110 \ 
Coronet Building, Chicago 1, Illinois 1 

©) Please send full information on the program of fifty-one Coronet films for high ! 
school biology, including free correlation chart and details on how to obtain j 
selected subjects. | 
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Flowering Desert. This appealing film 
shows the location of the principal desert 
areas of the world, the nature of their cli- 
mate, and the variety of their topography. 
The change of flora to the blooming stage 
with the coming of the spring rains is beauti- 
fully illustrated. Depicts some ecological 
relationships of desert life and adaptation of 
desert forms. Recommended for earth 
science and biology classes. 11 min. Color 
$110. 1959. Bailey Films, Inc., 6509 De 
Longpre Ave., Hollywood 28, Calif. 


The Size of the Universe. The Theory of 
Relativity. These two recordings by Dr. 
Edward Teller do a magnificent job of 
clarifying difficult subjects. In the Size of 
the Universe, he compares man’s early 
legends about the earth with what is known 
today. He describes the solar system, the 
milky way galaxy, and the nature of outer 
space and the extra-galactic systems. 

In the Theory of Relativity, Dr. Teller 
presents a difficult theory in an understand- 
able manner. This record should be avail- 
able in all high school science departments 
for general science, earth science, and 
physics students. 334% rpm. $5.95. 1958. 
Spoken Arts Corporation, 95 Valley Rd., 
New Rochelle, N. Y. 


Life Cycle of a Duck. Illustrates the life 
cycle of the Muscovy duck. Some simple 
principles of heredity in the Muscovy are 
illustrated through sketches and actual photo- 
graphs of ducks with distinctive black and 
white color patterns. Hatching of duck eggs, 
care of the young, feeding habits, and adap- 
tations are depicted. Excellent photographs 
of the movement of the nictitating mem- 
brane are shown. Recommended for junior 
high general science or biology. 11 min. 
Color $110, B&W $60. 1959. Bailey Films, 
Inc., 6509 De Longpre Ave., Hollywood 28, 
Calif. 


Formulas in Mathematics. A _ pilot is 
shown using the formula, D equals rt, to 
find the distance he has traveled in a known 
direction and when he will arrive at his 
destination. This formula is represented 
graphically and pictorially. The understand- 
ing of the importance of mathematical units 
is stressed. Film may be useful to the junior 
high school science teacher in his presenta- 
tion of simple machines and of interest to 
the senior high school physics teacher as a 
simple introduction to the study of motion. 
10 min. Color $110. 1960. International Film 
Bureau, Inc., 57 East Jackson Blvd., Chicago 
4, Ill. 


Man and the Moon. Wernher Von Braun 
narrates an outstanding film featuring the de- 
velopment of an orbiting space satellite. A 
multi-stage rocket is used as a vehicle to send 
parts of the space island or platform to an 
orbit around the earth. Here the platform is 
assembled, the space island is manned, and 
preparations for the moon trip are made. The 
trip to the moon is then enacted. Moon’s sur- 
face features are photographed. 20 min. 
Color $200. 1960. Walt Disney Productions, 
2400 West Alameda Ave., Burbank, Calif. 


Mars and Beyond. Presents the possibility 
of life on planets other than the earth. Tem- 
perature conditions and nature of gases for 
higher life are described. Explains man’s 
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MOLECULAR MODELS —— FOR LAB AND CLASSROOM STUDY 





Now available for molecular and 
crystallographic study! High density 
polystyrene spheres — small (1%4” 
dia.), medium (2” dia) and large 
(3” dia). 

These spheres are beautifully 
finished with a vinyl coating in colors 
of red, white, green, blue, yellow and 
black. By using special stainless steel 
connecting rods, included in the price 
of the spheres, these spheres may be 
joined in various configuration at any 
radian angle. 

The spheres and connecting rods 
are available from Northeast Enter- 
prises Inc., 139 Swanton Street, 
Winchester, Mass. 
































Nystrom instructional materials, eligible for purchase under Title 3 
of the National Defense Education Act. 


CHARTS— Anatomy ... Biology ... Science. . . Physiology 


MODELS—Anatomy .. . Biology . . . Physiology 


MAPS—Physical . . . Rainfall . . . Thermal . . . Outline 


GLOBES—Physical . . . Celestial . . . Satellite . . . Plan- 


etarium ... Outline... Blank 


| 
For further | 
information, | 
return this, 
convenient | 
coupon 
today. 








FREE! 
N.D.E.A. 
CATALOG 









NAME 


Please send me your catalog No. 1160 which color- 
fully illustrates, describes and prices Nystrom 
science materials. | am particularly interested in: 


CHARTS[-] MODELS[] MAPS[] GLOBES[] 





SCHOOL 


POSITION 





ADDRESS_ 








A. J. NYSTROM & CO. CHICAGO 18, RLINOSS 








earliest concepts of the planets, particularly 
Mars. Pictures the possible surface of Mars 
and ways in which plant and animal life may 
have adapted to conditions there. Film in- 
cludes an imaginary flight to Mars in an 
atom-powered space ship. 32 min. Color 
$300. 1960. Walt Disney Productions, 2400 
West Alameda Ave., Burbank, Calif. 


Prehistoric Animals of the Tar Pits. Film 
portrays the formation of tar pits at Rancho 
La Brea in Los Angeles and the method by 
which animals were captured in ancient days. 
Shows how skeletons and fossils are re- 
covered from these pits and describes mu- 
seum techniques emp!oyed to prepare speci- 
mens for display and study. Recommended 
for general science and biology classes, 
especially the latter. 15 min. Color $135. 
1959. Film Associates of California, 10521 
Santa Monica Blvd., Los Angeles 25, Calif 


APPARATUS & 


EQUIPMENT 


Motograph Science Charts. A set of six 





charts: The Eye, The Electric Bell, Ther- 
mometer, How the Day Grows, The Seasons, 
Mechanisms of a Vending Machine. Ac- 
companied by an excellent book of instruc- 
tions for assembly and use of the charts. 
Tools for assembly are also included in the 


bled, have movable parts which add to their 
effectiveness as a learning device. Students 
may learn science principles through the 
study of the directions and through assembly 
and use of the charts which can then be 
stored as permanent visual materials. $9 each 
(1-5); $7.50 (6 or more). Science Materials 
Center, 59 Fourth Ave., New York 3, N. Y. 


Ultra-Violet Science Lab. This kit should 
be an exciting addition to the science labora- 
tory. An accompanying booklet, “The Story 
of Black Light,” gives complete instructions 
and explains the operation of the ultraviolet 
lamp and its application to various science 
fields. Three fluorescent rock samples and 
fluorescent liquids with brushes and a pen 
for application are included in the kit. With 
increasing emphasis on earth science in our 
schools, this kit should prove very popular. 
Students can learn a number of science prin- 
ciples while using the materials either as indi- 
viduals or in a group project. $11.95 each 
(1-5); $9.75 (6 or more). Science Materials 
Center, 59 Fourth Ave., New York 3, N. Y. 


Two Charts: Standard Teaching Micro- 
scope, D-1075. Stereozoom Microscope, 
D-1088. In color and in black and white, 
18% x 28 inches, illustrate the component 
parts of the two microscopes including cut- 
away drawings of internal features. Optical 
characteristics of each microscope are shown 
in table form. The charts have two metal 
horizontal edges and a metal eyelet for hang- 
ing. Excellent aid for the biology classroom. 
Free. Bausch & Lomb, Inc., Rochester 2, 


























carton. Charts, 13 x 17 inches when assem- N. Y. 
: FREE — 
* tp 
SCIENCE BOOK 
For Your Students 
e “Your World of Science” is a book e 
designed to fan the spark of sci- 
entific enthusiasm in young boys 
* and girls. In it they'll find useful, = 
up-to-date information, charts, ex- 
periments, etc . . . plus entry blanks 
for Porter's $1000 College Scholar- 
e ship Contest. Order your FREE copies e 
m= now... or send for a sample copy. 
NEW! ELECTRIC MICROSCOPES 
° Porter's all metal, 1960 Electric Plug-in 4-turret e 
microscopes feature new ‘‘Solar Star’’ lens systems of 
monet dassen wonae Ser oa'e $1 fl 0 
ass- * 
e cage ny 8 saamane magnifi- 14 & 
cations from 75 to 750 power. 
* THE PORTER CHEMICAL COMPANY * 
! P.O. Box 80, Hagerstown, Maryland I 
] Send me free of charge . . copies of | 
t ‘‘YOUR WORLD OF SCIENCE”’ I 
e i | é 
i sae : i 
i Address............. ae 
° | aa i ° 
4 a (a ak ; 
foe PORTER ® ) SCIENCE ; 
chemoraft x microcratt 
of Sd 














80 





Index of Advertisers 


American Optical Company 36 
Barnes & Noble, Inc. . 60 
Bausch & Lomb, Inc. . 28 
Bell Telephone Laboratories 48 
Buck Engineering Company, Inc. 21 
Cambosco Scientific Company 38 
Can-Pro Corporation 59 
Central Scientific Company 50 
Clay-Adams, Inc. 52 
Corning Glass Works 54 
Coronet Films 78 


Criterion Manufacturing Company 53, 76 


Doerr Glass Company 44 
Doubleday & Company, Inc. 24 
Edmund Scientific Company 70 
Educators Progress Service 53; 71 
Field Enterprises Educational 

Corporation Cover II 
Ginn and Company 26 
The Graf-Apsco Company 30 
Harcourt, Brace and Company, Inc. 20 
Harvard Apparatus Company, Inc. 71 
D. C. Heath and Company 34 
Laboratory Furniture Company, Inc. 75 
Leslie Laboratories 74 
Magnetic Devices, Inc. 73 
McGraw-Hill Book Company, Inc. 47 
Medical Plastics Laboratory . 59 
BSGeris O08 LOS .. ij yb ss. 76 
National Science Teachers Association 46 
The New American Library 66 
Northeast Enterprises, Inc. 79 
A. J. Nystrom & Company 79 
Ohaus Scale Corporation . Cover IV 
Phipps & Bird, Inc. 57 
Porter Chemical Company ....... 80 
Precision Apparatus Company, Inc. 43 
Prentice-Hall, Inc. Cover III, 62 
Row, Peterson and Company ....... 77 
Science Materials Center . ep 77 
Science Publications Cee 68 
Scientific Demonstration Equipment 

I oy ao pea Wins obey ai 56 
E. H. Sheldon dibiowuss Company.. 40-41 
The Shell Companies Foundation, Inc. 1 
John E. Sjostrom Company, Inc. .. 31 
Swift Instruments, Inc. 74 
Testa Manufacturing Company 64 
Unitron Instrument Division, 

United Scientific Company . 14-15, 66 
D. Van Nostrand Company, Inc. 39 
Warp Publishing Company ... 76 
W. M. Welch Scientific Company 2 


NOVEMBER 1960 











Prentice-Hall announces the 


FOUNDATIONS OF 


IVIODERN Bio.der 







a eo “& #5 ; 


A: Bal > 





* 
Sa 
Y. a. 


NF S oaks 


Serzes Editors: Willzam D. McElroy and Carl P. Swanson 


FOUNDATIONS OF MODERN BIOLOGY, a 
series of short, complete texts, each covering an 
integral area of biology, is an approach that intro- 
duces the student to biology as a growing, active 
science of principles and facts while permitting 
each instructor to determine the level and the 
structure of his own course. In presenting their 


subjects, the authors assume that the student has 
had no previous general biology courses. The vol- 
umes in this series are produced in an attrac- 
tive, uniform format: 6 x 9 inches, 128 pages. 
Text edition, paperbound—$1.50 text list; Library 
edition, clothbound—$2.95 trade list. 





THE CELL (PUBLISHED 1960) 


by Carl P. Swanson, The Johns Hopkins Univer- 
sity 

The place of the cell as the basic unit of biological 
structure and function. 


ANIMAL GROWTH AND 
DEVELOPMENT (Pvsuisuep 1960) 


by Maurice Sussman, Brandeis University 
A modern treatment of developmental phenom- 
ena, with emphasis upon the cellular level. 


ANIMAL PHYSIOLOGY 
(PUBLISHED 1960) 

by Knut Schmidt-Nielsen, Duke University 

An elementary presentation of animal physiology, 

clearly defining and discussing the most important 

concepts. 


THE PLANT KINGDOM 
(PUBLISHED 1960) 

by Harold C. Bold, University of Texas 

An introduction to the study of the range of types 

which comprise the plant world. 


CELLULAR PHYSIOLOGY 
AND BIOCHEMISTRY 


(EARLY 1961) 


by William D. McElroy, The Johns Hopkins Uni- 
versity 

A brief introduction to cellular physiology and 
biochemistry. 


MAN IN NATURE (EaRLY 1961) 


by Marston Bates, The University of Michigan 
The biological aspects of human ecology—an at- 
tempt to put Man in biological perspective and 
provide a bridge between the biological and the 
social sciences. 


ANIMAL DIVERSITY 
(EARLY 1961) 
by Earl D. Hanson, Yale University 


Animal diversity and the present status of our 
knowledge of the field. 


THE LIFE OF THE 
GREEN PLANT (Earty 1961) 


by Arthur W. Galston, Yale University 


A functional approach to the green plant and a 
view of how it copes with its major problems. 


ADAPTATION (Earty 1961) 
by Bruce Wallace and A. M. Srb, both Cornell 
University 

Theories of evolution and of biological adapta- 
tion; population dynamics through time (evolu- 
tion) and space (ecology); physiological and 
chemical mechanisms as isolation factors. 


HEREDITY (EaRLY 1961) 
by David M. Bonner, Yale University School of 
Medicine 

The physical and chemical nature of genetic ma- 
terial and how genes act as determinants of cell 
type. 


ANIMAL BEHAVIOR 

(EARLY 1961) 
by V. G. Dethier, University of Pennsylvania, and 
Eliot Stellar, University of Pennsylvania Medical 
School 
An introduction to the principles of animal be- 
havior that can be derived from the experimental 
study of many different species, from simple in- 
vertebrates to the subhuman primates and man. 
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NOW GET COMBINED METRIC and AVOIRDUPOIS' 


OHAUS HARVARD AVOIRDUPOIS 
TRIP BALANCE ne: 


This new singie beam balance has a beam 
graduated in both metric and avoirdupois 
weighing standards. The appropriate Ohaus 
model for No. 0225 as specified in Council of 
Chief State School Officers ‘Purchase Guide". 
Metric graduations are 28.4 gram by 0.2 gram 
and the avoirdupois graduations are 1 ounce 
by 0.01 ounce. Base is equipped for use in 
specific gravity weighing. 


METRIC 


28.4 X 0.2 G. 





Available as Model 1454 with 6” 
diameter Opal Glass plates or as 
Model 1454S with 6” diameter Stain- 
less Steel plates. Both models list for 


$25.00. 


; 


SELF-ALIGNING BEARINGS « BOX-END BEAMS «+ RECESSED BALANCE ADJUSTMENT 
NUTS « RELIEF ETCHED STAINLESS STEEL BEAMS «+ SLIDING TYPE POISE + ANGLE 
VIEW DIALS AND BEAMS 




















FEATURES: 


























Wide use in educational, laboratory, and industrial 
applications. 


OO RTTE 
Complete Line of Precision Scales A) B /3\ | ¢ 


and Weights . 
SCALE CORPORATION 


1050 COMMERCE AVENUE @© UNION, NEW JERSEY 
Dept ST. 





